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CHAPTER 


I 


INTRODUCTION 


The  C02  molecule  is  one  of  the  most  important 
atmospheric  molecules  because  of  the  vital  role  it  plays  in 
the  heat  balance  of  our  atmosphere.  The  C02  concentration 
in  the  earth's  atmosphere  has  dramatically  increased  over 
the  last  100  years.  The  predicted  global  temperature 
increase  as  a  result  of  this  C02  build-up  in  the  atmosphere 
is  a  problem  of  international  concern  which  will  have  to  be 
faced  in  the  near  future.  Aside  from  the  atmospheric 


concerns,  the  C02  molecule  is  a  subject  of  interest  from 
the  molecular  physics  point  of  view. 


One  of  the  goals  of  molecular  physics  is  to  describe 
the  energy  states  of  a  molecule  from  first  principles,  that 
is  by  solving  the  SchrSdinger  equation  for  the  electrons 
and  the  nuclei  making  up  the  molecule.  Although  in 
principle  such  a  calculation  is  possible  on  a  digital 
computer,  in  practice,  such  a  massive  calculation 
involving  so  many  degrees  of  freedom  would  be  extremely 
difficult  on  any  existing  computer  or  any  of  the  near 
future.  At  present,  the  computational  problem  is  made 
manageable  through  the  use  of  a  number  of  approximations, 
the  most  important  of  which  is  the  Born-Oppenheimer 
approximation.1  In  this  approximation  the  rapid  motions  of 
the  electrons  are  considered  separable  from  the  much  slower 
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motions  of  the  massive  nuclei.  The  "cloud"  of  electrons, 
assumed  to  readjust  rapidly  to  each  new  configuration  of 
the  nuclei,  provides  the  molecular  potential  that  "glues" 
the  molecule  together.  The  shape  of  this  potential  "well", 
or  potential  function,  is  generally  determined  by  working 
backward  from  the  measured  spectrum  of  the  molecule. 

This  method  provides  far  better  accuracy  than  does 
calculating  directly  the  effect  of  the  electrons  as  a 
function  of  the  nuclear  configuration. 

The  energy  due  to  the  rotational  and  vibrational 
motions  of  a  linear  molecule  can  be  specified  in  terms  of 
the  molecular  constants  G,  B,  D,  and  H.  For  diatomic 
molecules  these  molecular  constants  have  been  successfully 
related  to  the  molecular  potential  function.  However,  for 
more  complex  polyatomic  molecules  such  as  C02>  it  is  still 
somewhat  uncertain  how  well  the  molecular  constants  G,  B, 

D,  and  H  can  be  related  to  the  molecular  potential.  One  of 
the  reasons  why  this  uncertainty  still  exists,  in  spite  of 
previous  experimental  work,  is  the  difficulty  of  obtaining 
experimental  data  on  large  numbers  of  rotation-vi bration 
levels,  particularly  on  the  higher  energy  levels.  For  the 
present  study,  these  experimental  difficulties  were 
overcome  by  heating  the  CO^  sample  to  excite  large  numbers 
of  lines,  using  a  high  resolution  Fourier  spectrometer  and 
making  extensive  use  of  the  computer  for  data  analysis. 

Tne  -i  ►.cent  study  consisted  of  determining  for  a  number  of 


different  isotopic  species  the  molecular  constants  G,  B,  D, 

and  H  for  as  many  vibrational  states  as  possible.  These 

molecular  constants  were  then  compared  to  molecular 

constants  determined  by  other  researchers.  It  is 

particularly  interesting  to  compare  these  molecular 

2 

constants  with  those  calculated  by  Chedin,  since  in  his 
work  he  makes  a  single  global  determination  of  the  C02 
potential  function,  instead  of  fitting  each  band  or  groups  of 
bands  individually. 

In  order  to  extend  the  observable  range  of  rotation- 
vibration  energy  levels,  the  C02  sample  was  heated  to  800K. 
Although  heating  the  C02  sample  makes  it  possible  to  obtain 
information  on  many  rotation-vibration  levels,  the 
resulting  additional  spectral  lines  greatly  increase  the 
difficulty  of  analyzing  the  spectrum.  The  spectrum  of  hot 
C02  stretches  across  hundreds  of  wavenumbers  and  consists 
of  thousands  of  lines.  As  an  example,  see  Appendix  A, 
where  the  *4.3  pm  region  of  the  spectrum  of  a  sample  of  C02 
with  natural  isotopic  abundance  is  plotted.  In  order  to 
obtain  meaningful  information  from  experimental  spectra, 
individual  rotation-vibration  lines  must  be  resolved. 

The  spectral  measurements  were  made  using  the  Air 
Force  Geophysics  Laboratory  (AFGL)  high  resolution 
interferometer  at  resolutions  of  0.007  cm  1  for  the  *4.3  um 
region  and  0.006  cm”1  for  the  2.8  pm  region.  This  study 
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was  supported  by  the  Air  Force,  since  an  increased 
understanding  of  the  high  temperature  spectrum  of  C02 
relates  to  the  problem  of  detecting  the  C02  in  the  exhaust 
plumes  of  rocket  and  jet  engines. 

Huge  quantities  of  data  are  associated  with  the  high 
resolution  broad  band  coverage  of  a  complex  spectrum. 
Handling  these  data  was  made  practical  through  the 
extensive  use  of  computers.  Although  some  of  the  computer 
programs  (software)  had  been  developed  previously,  a 
substantial  portion  of  the  effort  associated  with  the 
present  study  was  spent  in  upgrading  the  existing  software 
and  developing  and  implementing  new  techniques.  The  major 
contributions  made  to  the  software  development  include: 

1 .  Adding  diagnostic  and  automatic  error  correction 
capabilities  to  the  interferometer  control  software. 

2.  Working  out  the  procedure  to  perform  arbitrarily 
large  Fourier  transformations  using  a  fixed  memory  size*. 

3.  Developing  an  interactive  semi-automatic  rotation- 
vibration  line  assignment  procedure. 

This  report  on  the  study  of  high  temperature  C02  is 
composed  of  three  main  sections.  The  first  section, 
comprising  the  first  three  chapters,  is  introductory  in 
nature.  Chapter  I  is  the  introduction,  Chapter  II  gives  a 
brief  history  of  previous  studies  of  the  CC>2  spectrum  in  the 
4.3  pm  region,  and  Chapter  III  is  a  review  of  the  notation 
and  theoretical  concepts  used  to  describe  the  C0~  molecule. 


The  second  section,  consisting  of  Chapters  IV  and  V,  gives 
detailed  information  on  how  the  study  was  carried  out. 
Chapter  IV  describes  the  experimental  setup,  and  Chapter  V, 
the  data  handling  procedure.  In  the  third  section,  Chapters 
VI  and  VII,  the  results  and  conclusions  are  presented.  The 
results  are  discussed  in  Chapter  VI.  The  conclusions  and 
recommendations  for  future  work  are  given  in  Chapter  VII. 
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HISTORY 


The  spectral  study  of  high  temperature  C02  is  not  new. 
What  is  new  with  the  present  study  is  using  a  spectrometer 
with  both  high  resolution  and  wide  spectral  coverage  so 
that  the  complete  high  temperature  rotation-vibration  band 
structures  at  4.3  ym  and  2.8  ym  could  be  observed  with 
sufficient  spectral  resolution  to  resolve  most  of  the 
individual  rotation-vibration  lines.  These  new  data  make 
accurate  line  position  determination  for  thousands  of  lines 
possible,  including  many  lines  originating  from  highly 
excited  rotational  states. 

■3 

In  1910,  A.  Trowbridge  and  R.  W.  WoodJ  used  one  of 
their  recently  developed  blazed  gratings  to  study  a  Bunsen 
burner  flame.  They  observed  peaks  in  the  spectrum  due  to 
C02  at  4.2  ym,  4.4  ym  and  4.5  ym.  Somewhat  later  (1922), 

4 

E.  F.  Barker  realized  by  looking  at  both  a  room 
temperature  C02  sample  and  a  Bunsen  burner  flame  that  the 
third  peak  observed  by  Trowbridge  and  Wood  was  an  artifact 
of  observing  a  hot  Bunsen  burner  flame  through  the  cold  C02 
in  the  atmosphere.  He  observed  that  the  band  centered  at 
4.3  ym  was  a  doublet  consisting  of  two  distinct  absorption 
features  (the  unresolved  P  and  R  branches).  By  the  1950's 
infrared  spectrometers  with  sufficient  spectral  resolution 
had  been  developed  to  start  observing  the  individual 
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rotation-vibration  lines.  E.  K.  Pyler  et  al .  used  a 
grating  to  make  measurements  on  the  4.3  ym  spectrum  of  C02 
both  in  emission  and  in  absorption.  The  emission 
measurements  were  made  by  observing  the  flame  from  a 
glassblower's  torch.  They  used  a  grating  spectrometer 
with  a  spectral  resolution  of  0.2  to  0.3  cm-1  to  obtain  a 
wavenumber  accuracy  of  about  0.02  cm-1. 

In  1968  a  joint  measurement  was  carried  out  on  room 
temperature  C02  samples  in  the  4.3  ym  region  by  two  groups, 
R.  Oberly  and  K.  N.  Rao  of  Ohio  State  University  and  Y.  H. 
Hahn  and  T.  K.  McCubbin  Jr.,  of  Pennsylvania  State 
University, ^  using  grating  spectrometers  with  moderate 
spectral  resolution.  The  spectral  accuracy  of  their 
combined  measurement  was  approximately  0.004  cm-1.  In 
addition  to  observing  transitions  originating  from  the 
ground  vibrational  state,  they  also  observed  several  hot 
bands  with  transitions  originating  from  lower  lying 
vibrational  excited  states. 

During  the  1970's  the  use  of  better  infrared 
spectrometers  and  a  variety  of  infrared  sources  made 
possible  an  increase  in  knowledge  of  the  C02  molecule, 
particularly  of  vibrationally  excited  states.  In  1974,  T. 

7 

K.  McCubbin  et.  al.  used  a  grating  spectrometer  to  observe 
the  CO 2  emission  from  an  electrical  discharge  in  a  low 
pressure  C02~N2-He  mixture.  An  electrical  discharge  can 
raise  the  vibrational  temperature  of  a  molecule  to 
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extremely  high  values  while  leaving  the  rotational 

temperature  at  approximately  room  temperature.  By  varying 

the  components  of  the  mixture  and  the  electrical  current  of 

the  discharge,  different  vibrational  series  were  observed. 

8 

In  1978,  D.  Bailly  et^  al.  used  a  SISAM  spectrometer  with  a 

resolution  of  0.25  -  0.30  cm-1  to  observe  additional  hot 

bands  in  an  electrical  discharge.  At  about  the  same  time, 

o 

A.  Baldacci  et  sQ.  used  a  grating  spectrometer  with  a 
resolution  of  0.02  -  0.03  cm  1  and  a  wavenumber  accuracy  of 
about  0.003  cm-1  to  observe  a  low  pressure  C02  sample  in  a 
24  meter  absorption  cell.  The  long  path  length  made 
possible  the  observation  of  lines  originating  from  excited 
rotation- vibration  states. 

During  the  last  several  years,  high  resolution 
Michelson  interferometers  and  tunable  lasers  have  made 
possible  very  accurate  measurements  of  the  C02  spectrum. 

In  1980,  G.  Guelachvill 1 0  used  a  high-resolution 
Michelson  interferometer  to  observe  in  absorption  the 
Doppler  limited  spectrum  (approximately  0.002  cm-1 
resolution)  of  a  low  pressure  room  temperature  C02  sample. 

He  measured  the  position  of  rotation-vibration  lines  of  the 
vibrational  fundamental  and  several  other  hot  bands  with 
an  accuracy  of  about  0.0001  cm-1.  Since  this  spectral 
measurement  was  made  using  a  room  temperature  sample,  lines 
originating  from  high  rotational  states  were  not  observed. 


In  order  to  observe  higher  rotational  lines,  A.  S.  Pine11 
used  a  tunable  laser  difference-frequency  spectrometer  to 
observe  a  C02  sample  heated  to  985  K  in  a  high  temperature 
absorption  cell.  He  made  measurements  on  the  R-branch  head 
of  the  vibrational  fundamental  and  combined  his  data  with 
the  room  temperature  measurements  of  Guelachvili.  Pine 
showed  that  the  molecular  constants  obtained  from 
Guelachvili ' s  very  accurate  room  temperature  measurements 
do  not  accurately  predict  the  position  of  spectral  lines  at 
high  temperatures. 

The  present  study  addresses  the  problem  of  obtaining 
information  on  highly  excited  rotational  transitions  for  a 
large  number  of  vibrational  states  of  several  different 
isotopically  substituted  species  of  C02.  A  total  of  over 
8000  lines  belonging  to  6  different  isotopic  species  have 
been  identified  in  the  observed  spectra.  The  positions  of 
these  lines  were  measured  with  an  accuracy  of  up  to 
0.0004  cm  1  for  well  isolated  lines.  Molecular  constants 
for  73  rotation-vibration  bands  have  been  determined  from 
these  observed  lines.  The  partial  results  of  this 
continuing  study  have  been  published  when  they  have  become 

IP  1  f. 

available.  The  C  02  4.3  ym  results  were  presented  at 

the  1980  Topical  Meeting  on  Spectroscopy  in  Support  of 

1  2 

Atmospheric  Measurements  and  were  used  as  the  basis  of 
the  Ph.D.  dissertation  of  M.  P.  Esplin.1^  These  results 
were  also  incorporated  into  the  AFGL  1980  compilation.111 


The  molecular  constants  and  line  positions  for  transitions 

in  the  1+  - 3  pm  region  originating  from  the  five  lowest 

vibrational  states  of  1^C1^02,  12C1®02,  and  and 

the  fundamental  of  °0  0  were  published  in  the 

1  5 

Journal  of  Molecular  Spectroscopy.  These  line  positions 

were  included  in  the  AFGL  1982  compilation.1^  To  be 
1  7 

published  in  the  Journal  of  Molecular  Spectroscopy  are 
the  molecular  constants  for  additional  transitions  in  the 


4.5  pm  region  originating  from  higher  vibrational  states  of 

1  *3  1  A  1  ^  1  A  1  ft 

°02  and  3C  °0  °0  and  from  the  fundamental  of 

-‘C  °0  0.  This  article  also  includes  molecular  constants 

for  transitions  in  the  2.8  pm  region  of  12C1^02, 

1 2r 1 8n 

ana  C  0^ • 

1  8 

In  1983,  D.  Bailly  completed  her  Ph.D.  dissertation 
on  the  C02  spectrum  observed  in  an  electrical  discharge 
with  an  extremely  high  resolution  Michelson  interferometer. 
She  was  able  to  determine  the  position  of  spectral  lines 
with  an  accuracy  of  approximately  0.0001  cm”1.  An 
electrical  discharge  is  an  effective  technique  for 
achieving  excitation  of  very  high  vibrational  levels,  but 
not  high  rotational  levels.  Since  Bailly’s  measurements 
included  only  a  portion  of  the  bands  reported  in  the 
present  work,  and  do  not  include  high  rotational  lines,  her 
measurements  do  not  supersede  those  of  the  present  study, 
except  for  spectral  lines  originating  from  low  rotational 
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states  of  some  of  the  vibrational  bands. 

Many  other  spectroscopic  techniques  have  recently  been 

employed  to  provide  access  to  energy  levels  of  carbon 

dioxide  not  observed  before  at  high  resolution.  Among 

these  approaches  have  been  the  heterodyne  frequency 

1  9a 

measurements  of  laser-sequence  band  transitions  (these 

have  achieved  very  high  accuracy,  but  not  high  rotational 

levels)  and  the  long  path  room  temperature  absorption 

measurements  conducted  at  the  solar  facility  at  Kitt  Peak 

1  9b 

National  Observatory  (these  measurements  provide 
information  on  transitions  that  are  weak  even  at  elevated 
temperatures ) . 
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CHAPTER  III 


C02  THEORETICAL  BACKGROUND 


Carbon  dioxide  is  a  linear  molecule  with  the  two 
oxygen  atoms  located  on  either  side  of  the  central  carbon 
atom.  The  oxygen  and  carbon  atoms  can  be  modeled  as  hard 
spheres  and  the  forces  between  them  as  springs.  This  model 
helps  in  visualizing  what  will  happen  when  energy  is  added 
to  the  molecule.  The  molecule  will  vibrate  in  a  number  of 
different  ways  as  well  as  rotate  as  a  whole.  The  same 
motions  occur  for  the  real  C02  molecule,  but  unlike  the 
case  of  the  spheres  and  spring  model  where  a  continuum  of 
vibrations  and  rotations  are  possible,  quantum  mechanics 
tells  us  that  only  certain  discrete  values  of  vibration  and 
rotation  are  possible.  The  purpose  of  this  chapter  is  to 
demonstrate  how  these  discrete  values  of  vibration  and 
rotation  (or  energy  levels)  are  calculated.  The  transition 
between  the  energy  levels  will  also  be  examined. 

In  addition  to  the  energy  levels  that  arise  from 
vibrational  and  rotational  motions  of  the  nuclei,  there  are 
also  energy  levels  associated  with  the  configuration  of  the 
electrons.  However,  at  the  temperatures  used  in  the 
present  study  and  using  infrared  radiation  to  probe  the 
molecule,  sufficient  energy  is  not  available  to  raise  the 
molecule  from  the  lowest  electronic  state.  Even  when 
excited  electronic  states  are  not  involved,  the  electronic 
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configuration  of  the  lowest  state  or  ground  electronic 

state  may  play  an  important  role  in  determining  the 

rotation-vibration  energy  levels  of  a  molecule,  since  the 

orbital  or  spin  angular  momentum  of  the  electrons  can 

couple  with  the  motion  of  the  nuclei.  The  ground 

electronic  state  of  the  C0~  molecule  is  a  1E+  state  so  the 

2  g 

net  orbital  and  spin  angular  momentum  of  the  electrons  is 
zero.  Hence,  there  is  no  net  electronic  angular  momentum 
to  couple  with  the  angular  momentum  due  to  the  vibration 
and  rotation  of  the  nuclei. 

The  motion  of  the  electrons,  the  vibration  of  the 
nuclei,  and  the  rotation  of  the  molecule  as  a  whole  are 
usually  considered  separately.  The  total  energy  of  the  C02 
molecule  is  then  given  by 

E  -  Ee  ♦  Ey  ♦  Er  ,  (D 

where  Eg  is  the  electronic  energy,  Ey  is  the  vibrational 

energy,  and  Ep  is  the  rotational  energy.  This  is  usually  a 

good  approximation,  but  it  is  possible  that  it  is  starting 

to  break  down  and  is  contributing  to  the  discrepancies 

observed  (see  Chapter  VI)  between  the  experimental  line 

positions  and  the  line  positions  predicted  using  the 

2 

molecular  constants  Chedin  calculated  from  an  empirically 
determined  potential  function. 

The  spectroscopic  technique  can  not  be  used  to  obtain 
information  directly  about  the  energy  levels  of  a  molecule, 


instead  information  on  the  transitions  between  levels  is 


obtained,  from  which  information  on  the  energy  levels  can 
be  inferred.  Lines  in  the  absorption  spectrum  occur  when  a 
CC>2  molecule  in  a  lower  energy  state  absorbs  a  quantum  of 
energy  and  is  raised  to  a  higher  energy  state.  Electronic 
transitions  are  usually  found  in  the  visible  portion  of  the 
electromagnetic  spectrum,  while  pure  rotational  transitions 
are  found  in  the  microwave  region.  These  transitions  were 
not  observed  as  part  of  the  present  work  and  so  will  not  be 
considered  further.  Only  the  infrared  transitions 
involving  changes  in  both  vibration  and  rotational  energies 
are  considered  in  the  present  study. 


Vibration 


The  complex  vibrational  motions  of  a  molecule  can  be 
reduced  to  a  set  of  normal  modes  if  the  system  is 
considered  as  being  made  up  of  small  amplitude  coupled 
oscillators.  Small  amplitude  motion  implies  that  the 
potential  function  is  basically  quadratic.  The  vibrational 
motion  of  each  normal  mode  is  then  that  of  a  one 
dimensional  3imple  harmonic  oscillator. 


Simple  Harmonic  Oscillator.  The  present  discussion  of  the 

20 

harmonic  oscillator  follows  that  given  by  Herzberg.  The 
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potential  energy  of  a  one  dimensional  harmonic  oscillator 


is 


(2 


where  k  is  the  force  constant,  and  x  is  the  distance  from 
the  equilibrium  position.  The  energy  levels  and  the 
eigenfunctions  of  a  mass,  y,  moving  in  a  harmonic 
oscillator  potential  can  be  determined  from  the  one 
dimensional  SchrOdinger  equation 


h  ci  y  1  2 

-  —  2*.  *  ikx^Y  -  EY  . 

2  p  d  x  ^ 
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The  resulting  energy  eigenvalues  are 
E. 


h  ✓(£)  (v  ♦  1) 


hv  (v  + 
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where  v  is  the  vibrational  quantum  number  and  v  is  the 


classical  vibration  frequency 
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In  spectroscopy  it  is  convenient  to  define  the  energy  term 


value  Gy  as 


Gv  "  h£  ’  I  (v  +  w  (v  *  • 


(6 


The  vibrational  frequency  u  is  measured  in  units  of  cm 
The  orthonormal  eigenfunctions  for  the  harmonic 
oscillator  are 

1  2  2 

Vx)  ■  Nn  Hn(ax)  e_ia  X  * 
where  Hn  is  the  Hermite  polynomial  of  order  n.  The 
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The  Normal  Modes  of  CO^ .  The  number  of  degrees  of  internal 

freedom  or  number  of  normal  modes  of  vibration  for  a  linear 

21 

molecule  is  3N  -  5.  Since  C02  is  composed  of  three 
atoms,  the  number  of  normal  modes  is  However,  since  the 
two  bending  modes  are  degenerate,  there  are  only  three 
modes  with  distinct  energies.  The  normal  vibrational  modes 
of  the  C02  molecule  are  illustrated  in  Figure  1 .  The  v1 
mode  Is  a  symmetric  stretch  mode  with  an  energy  of  oj1  » 

1336  cm-1.  The  two  orthogonal  bending  vibrations  v2x  and 
v2y  have  an  energy  of  667  cm-1.  The  asymmetric  stretch, 
mode  v^,  has  an  energy  of  -  2362  cm-1.  Instead  of 
designating  the  state  of  the  molecule  using  the  degenerate 
v2x  and  v2y  vibration  quantum  numbers,  it  is  usually 
preferable  to  use  the  quantum  numbers  v2  and  l ,  where  v2  is 
the  number  of  quanta  of  bending  vibrational  energy  and  l  is 
the  vibrational  angular  momentum  about  the  internuclear 
axis.  The  allowed  values  of  l  are  v2,  v2~2,  .  .  .  ,2-v2, 

"v2‘ 

The  energy  of  the  C02  molecule  is  the  sum  of  the 
energies  in  each  normal  mode.  In  the  harmonic  oscillator 
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SYMMETRIC  STRETCH 


BENDING  MODE 


ASYMMETRIC  STRETCH 


Figure  1 


The  three  normal  modes  of  vibration  of  the 
molecule . 
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approximation,  the  vibrational  energy  (neglecting  the  zero 
point  energy)  of  the  C02  molecule  in  a  given  vibrational 
state  characterized  by  v^ ,  v2,  v^  and  t,  is  given  by 

Gy  -  a>1v1  +  u2v2  +  “3V3  *  (10) 


Note,  that  in  the  harmonic  oscillator  approximation  the 
energy  of  a  molecule  is  independent  of  l. 

So  far  this  discussion  has  assumed  a  quadratic 
potential  function  with  no  cross  terms,  which  is  not  the 
case  for  the  real  C02  molecule.  Since  the  effective 
potential  includes  nonquadratic  terms  and  cross  terms,  the 
concept  of  normal  modes  breaks  down  somewhat,  although  it 
is  still  useful.  However,  correction  terms  must  be  added, 
and  the  effects  of  interactions  between  vibrational  states 
must  be  considered. 

If  the  interactions  between  states  are  not  too  strong, 

2 

then  by  adding  higher  order  powers  of  v1 ,  v2,  v^  and  l  to 
Equation  (10)  as  correction  terms,  energy  levels  which 
agree  with  experiment  can  be  obtained.  This  expansion 
including  terms  up  to  the  third  power  of  the  quantum 
numbers  is: 
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Interaction  Between  Levels .  There  are  CO^  levels  for  which 
the  interactions  between  levels  are  so  strong  that  using  an 
expansion  like  Equation  (11)  fails.  In  such  cases  a  full 
Hamiltonian  matrix  is  generated,  Equation  (11)  can  be  used 
to  generate  the  diagonal  elements  and  then  the  strong 
interactions  between  levels  are  included  as  off  diagonal 
elements  of  the  matrix.  Alternatively,  the  cross  terms  can 
be  removed  from  Equation  (11)  before  using  it  to  create  the 
diagonal  elements,  then  all  interactions,  not  just  the 
strong  interactions,  would  be  included  in  the  off  diagonal 
elements  of  the  matrix.  The  energy  levels  are  obtained  by 
diagonalizing  the  Hamiltonian  matrix.  For  C02  the  main 
interactions  are  Fermi,  Coriolis,  and  2,-type  doubling. 

The  amount  that  the  energy  levels  will  be  effected  by 
the  presence  of  interactions  between  states  depends  not 
only  on  the  strength  of  the  interaction  term  but  also  on 
how  close  in  energy  the  unperturbed  levels  would  have  been. 

To  illustrate  this  effect  consider  a  two  state  system 
with  energies  E1  and  E2  and  an  interaction  between  them  of 
W.  The  new  energy  eigenvalues,  taking  into  account  the 
interaction  between  the  two  states,  will  be 

E  +  E  ♦  [(E  ♦  E  )2  -  4(E  E2  -  W2)]  2 

A  -  — - - - - - - — - -  .  (12) 

Let  the  new  energy  levels  be  represented  by  A  +  and  A-, 
where  A+  is  the  energy  levels  using  the  (+)  sign  in 
Equation  (12)  and  A  is  the  energy  level  when  the  (-)  sign 


is  used.  Each  of  the  original  energy  levels  will  be 
shifted  by  an  amount  A.  The  level  E2  is  assumed  to  have 
an  energy  greater  than  or  equal  to  E^ ,  so  that 

A  ■  E?  +  A 

and  (13) 

X"  -  E1  -  A 

The  difference  between  the  two  new  energy  eigenvalues  is 

A+  -  A~  -  E2  -  E1  ♦  2A  .  (14) 

From  Equation  (12)  it  can  be  seen  that, 

A  +  -  A"  -  [(E1  +  E2)2  -  4(E1E2-  W2)]  2  .  (15) 

Combining  Equation  (14)  and  (15)  and  solving  for  A/W 
results  in 

$  -  \  (  /(x2  ♦  4)  -  x  )  (16) 

where  x  -  (E2  -  E^)/W.  The  value  of  A/W  is  tabulated  as  a 
function  of  x  in  Table  1.  Equation  (16)  or  Table  1  provide 
a  means  by  which  energy  shifts  caused  by  a  perturbing 
levels  can  quickly  be  determined. 

In  order  to  determine  the  mixing  between  states  it  is 
necessary  to  calculate  the  eigenvectors.  The  eigenvectors 
for  a  two  level  system  are  calculated  by  substituting  the 
eigenvalues  given  in  Equation  (13)  back  into  the 
Hamiltonian  matrix  of  a  two  level  system  with  interaction 


1  00b 

( %  mixing  from 
perturbing  state) 


term  W.  The  resulting  normalized  eigenvectors  are: 


m 


where 


and  b 


[<  |  )  ♦  1  ]  2 


[(f)  *  ’  ]  2 


Each  new  3tate  consists  of  a  contribution  from  the  original 
state  plus  a  contribution  from  the  perturbing  state.  The 
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percent  mixing  from  the  perturbing  state,  given  by  100b  , 
is  also  tabulated  in  Table  1.  If  the  percent  mixing  is  50$ 
then  the  original  state  is  equally  mixed  with  the 
perturbing  state. 

It  can  readily  be  seen  from  Equations  (16)  and  (17)  or 
Table  1  that  for  the  same  size  of  off-diagonal  term  W,  the 
amount  the  energy  levels  will  be  perturbed,  as  well  as  the 
amount  of  mixing  of  states  depends  on  the  energy  separation 
of  the  original  energy  levels. 

The  strongest  interactions  between  C02  states  are 
caused  by  Fermi  resonance.  Cross  terms  in  the  potential 
function  result  in  nonzero  off-diagonal  elements  in  the 
Hamiltonian  matrix.  Fermi  resonance  only  occurs  when  there 
is  a  common  I  (common  symmetry  type)  for  the  interacting 
states.  It  arises  due  to  the  interaction  between  the 
symmetric  stretch  and  the  bending  mode  v2 ;  it  occurs 
between  states  of  the  form  >v2+2 » v3 ^  and  (v1 +1  , v2 , v^ ) . 

The  mixing  between  affected  states  is  particularly  strong 
since  the  energy  of  the  symmetric  stretch  u>1  -  1  336  cm-1  is 
approximately  equal  to  2w2  -  133^  cm”1.  For  example  the 
interaction  term  W  between  the  state  with  v1  -  1,  v2  -  0, 
and  v ^  ■  0  and  the  state  with  v1  -  0,  v2  -  2,  and  v^  •  0  is 
approximately  50  cm”1,  so  x  would  be  (1336  -  1 33^)/50  - 
0.04  .  From  Table  1  it  can  be  seen  that  each  state  will  be 
perturbed  by  0.98W  and  that  the  states  are  nearly  uniformly 
mixed  (49$  mixing) . 
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This  large  amount  of  mixing  of  states  makes  the 
identification  of  states  by  the  quantum  numbers  v^  ,  v2»  v^, 
and  l  ambiguous.  To  minimize  this  ambiguity  instead  of 
using  the  usual  Herzberg  notation  for  triatomic  molecules, 
in  which  the  vibrational  states  of  a  molecule  are  given  as 

o  22 

v i v 2 v 3 ,  a  notation  developed  by  W.  S.  Benedict,  known  as 
the  AFGL  notation  was  used.  In  the  AFGL  notation  the 
vibrational  states  are  identified  by  v-jV^v^r,  where  "r"  is 
the  ranking  index  assigned  to  each  member  of  a  Fermi 
resonating  group  of  levels.  When  a  state  is  not  involved 
in  Fermi  resonance,  r  -  1  and  the  AFGL  notion  is 
essentially  the  same  as  the  Herzberg  notation.  For 
example,  the  state  0^0  in  Herzberg  notation  is  01101  in 
AFGL  notation.  When  Fermi  resonance  is  present  the 
ranking  index,  r,  is  appended  to  the  quantum  numbers  of  the 
interacting  state  with  the  highest  v^ .  For  example  the 
AFGL  notation  for  the  two  states  10^0  and  02°0,  which  are 
highly  mixed  by  Fermi  resonance,  is  10001  and  10002.  The 
AFGL  notation  is  compared  to  the  Herzberg  notation  in  Table 
2.  To  illustrate  the  position  of  the  different  vibrational 
is  an  energy  level  diagram  for  C  “0^  is  given  in 
Figure  2. 

In  classical  mechanics  the  apparent  tangential  force 
on  an  object  as  it  moves  radially  in  a  rotating  coordinate 
system  is  called  the  Coriolis  force.  A  similar  effect  is 


Table  2.  Comparison  between  Herzberg  and  AFGL  notations 
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Figure  2.  Vibrational  energy  levels  for  ^C^O, 


Rigid  Rotator .  If  a  molecule  is  only  to  rotate,  the 

potential  energy  is  a  constant.  The  Schrddinger  equation 
2R 

has  solutions  J  which  are  single-valued ,  finite,  and 
continuous  when 


E 


W2J( J  +  1 ) 
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(19) 


where  I  is  the  moment  of  inertia  of  the  molecule  about  an 
axis  perpendicular  to  the  internuclear  axis.  The  moment  of 
inertia  of  a  linear  polyatomic  molecule  is 

N  2 

I  -  E  n^rj,  (20) 

k  u 

where  mi  is  the  mass  of  the  i  nucleus  and  r ^  is  the 

distance  from  the  center  of  mass.  In  spectroscopy  it  is 

convenient  to  give  energy  in  terms  of  the  rotational  term 

value  defined  as  F(J)  -  E/hc,  given  by 

F(J)  -  — ~ —  J(J  +  1)  -  B  J(J  +1)  ,  (21) 

8ir  cl 


where  the  rotational  constant  B  is  defined  as 

R  -  h 

B  Ftt  ro  I  • 


(22) 


The  average  moment  of  inertia  of  a  molecule  is  a  function 
of  the  vibrational  quantum  numbers.  Hence,  the  rigid 
rotator  B  in  Equations  (21)  and  (22)  must  be  replaced  by 


B  .  which  is  a  function  of  vibration. 
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Nonrigld  Rotator .  The  C02  molecule  is  not  totally  rigid,  as 
it  rotates  it  also  deforms.  The  largest  of  these 
deformations  is  a  centrifugal  stretch.  This  stretch 
increases  the  moment  of  inertia  or  decreases  B  .  The 
effects  of  the  molecular  stretch  as  well  as  other 
distortions  are  taken  into  account  by  adding  higher  order 
terms  with  coefficients  Dy  and  Hy  to  the  expression  for 
the  rotational  energy  (Equation  (21)).  The  rotational 
term  value  becomes 

F(v,J)  -  By  J(J  +  1)  -  Dy  {J(J  +  I)}2 

♦  Hy  { J( J  ♦  I)}3.  (23) 

When  these  distortion  terms  are  included,  the  rotational 
energy  of  the  molecule  can  be  expressed  with  the  same 
accuracy  that  is  observed  experimentally. 

p 

For  non-E  type  levels  (l  >0),  each  energy  level  is 

split  into  two  levels  under  the  influence  of  rotation.  The 

effects  of  this  Z-type  doubling  can  be  taken  into  account 

by  using  two  sets  of  rotational  constants,  one  for  the  e 

levels  and  the  other  for  the  f  levels.  The 
24 

interdependence  between  these  two  sets  of  rotational 

constants  is  a  function  of  Z.  When  Z  -  1,  the  vibrational 

term  values  Gg  and  Gf  are  equal.  When  Z  -  2,  in  addition 

to  having  G  equal  to  G- ,  the  rotational  constants  B  and 

6  1  6 

Bf  are  equal.  When  Z  -  3.  then  Gg  -  Gj. ,  Bg  »  Bf,  and 

De  ’  Df*  When  Z  £  4,  Hg  and  Hj.  are  also  equal. 
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Intensities 


The  absorption,  Ay,  of  a  gas  at  frequency  v  is  defined 


Av  -  1  -  pr  , 

v 


where  1^  is  the  intensity  of  the  light  at  frequency  v 
before  it  enters  the  gas  sample  and  I  is  the  intensity 
after  exiting  the  sample.  If  we  assume  a  gas  sample  of 
uniform  density  and  in  thermal  equilibrium  along  the 
optical  path,  the  absorption  is  given  by 


A  -  1  -  e~  kv  1 
v 


where  k^  is  the  absorption  coefficient  for  a  given  spectral 
line  and  1  is  the  optical  path  through  the  gas  sample. 

When  N  spectral  lines  are  present  the  absorption  at 
frequency  v  is  given  by 


-I  kA  1 
e  .  v 


where  k^  is  the  absorption  coefficient  for  the  ifc  spectral 
feature  at  frequency  v.  The  integrated  intensity,  S,  is 
given  by 


f  ® 

k  dv  , 

J  v 


y.% 


w»  /• 


and  is  related  to  the  molecular  parameters  as  follows: 

Vm)n  hC 

mn 

I  1  -  e"  XT  }  , 


N  B  hv 
m  mn  mn 


(28) 


where  Nm  is  the  number  of  molecules  in  the  lower  state  m, 

Bmn  is  the  Einstein  transition  probability  of  a  molecule 

going  from  state  m  to  state  n,  and  hvmn  is  the  energy  of 

the  absorbed  photon.  The  first  two  factors  of  Equation 

(28),  N  and  B  .  will  be  discussed  in  more  detail  in  the 
m  mn 

next  two  sections  of  this  report.  The  factor  in  brackets 
is  due  to  stimulated  emission.  Stimulated  emission  has  the 
effect  of  reducing  S.  However,  in  the  4.3  pm  region  at 
temperatures  less  than  or  equal  to  800  K,  the  stimulated 
emission  term  differs  from  1  by  not  more  than  0.015. 


Number  of  Molecules  in  a  Given  State .  The  first  factor  in 

Equation  (28),  the  number  of  molecules  in  states  of  energy 

E,  will  now  be  considered  in  more  detail.  It  is  this  term 

in  the  expression  of  the  intensity  that  explains  why 

heating  a  gas  sample  makes  possible  the  observation  of 

thousands  of  additional  spectral  lines. 

The  probability  that  a  molecule  in  thermal  equilibrium 

will  have  a  given  energy  E  is  proportional  to  the 

degeneracy  of  that  level  and  to  the  Boltzmann  factor 
-E/kT 

e  .  If  the  energy  of  a  state  is  large  compared  to  the 

available  thermal  energy,  kT,  the  probability  of  finding  the 
molecule  in  that  state  is  small.  As  the  temperature  is 
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increased  the  number  of  molecules  in  higher  energy  states 
will  increase.  The  fraction  of  molecules  with  a  given 
energy  E  is  obtained  by  dividing  by  the  partition  sum, 
which  is  approximately  equal  to  the  product  of  the 
vibration  and  rotation  partition  sums.  The  number  of 
molecules  in  a  state  m  is  then  given  by 


N 


TT 

yrwv 


(29) 


where:  N 

g 

E 

Q. 


total  number  of  molecules 
degeneracy  of  states 
energy  of  the  given  level 
rotation  partition  sum 
vibration  partition  sum. 


The  rotation  partition  sum  is  obtained  by  summing  over 
all  rotational  energy  states  of  the  molecule.  Each  term  in 
this  sum  is  weighted  by  the  degeneracy  of  the  given  energy 
level.  The  degeneracy  of  a  rotational  state  with  J  quanta 
of  angular  momentum  is  2J+1 .  When  the  energy  is 
approximated  by  BJ(J+1)hc,  (the  first  term  in  Equation  (23) 
times  he)  the  expression  for  the  rotation  partition  sum 
becomes 


he 


E  ( 2J+ 1 )  e"  FT  BJ(J+1)  . 


(30) 


J  =  0 

This  sum  can  be  approximated  by  an  integral  to  yield  an 
approximate  value  for  the  rotation  partition  sum, 


kT 

hcB 


(31  ) 
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Replacing  the  sum  by  an  integral  is  a  very  good 
approximation,  particularly  for  the  higher  temperatures. 

A  good  approximation  to  the  vibration  partition  sum, 
Qy,  is  obtained  by  summing  over  the  energy  levels  which 
result  from  the  harmonic  oscillator  approximation.  Each 
term  in  the  sum  must  be  weighted  by  its  degeneracy.  The 
degeneracy  of  the  and  vibrational  levels  is  unity. 

In  the  harmonic  oscillator  approximation  all  states  with  a 
common  v^  but  different  a  have  the  same  energy,  therefore 
the  degeneracy  of  the  v2  levels  is  v2  +  1  .  For  example  if 
v2  -  5,  possible  values  of  l  are  5,  3.  1,  -1,  -3,  -5  making 
6  states  in  all.  Remembering  that  the  energy  in  cm-1  of 
each  of  the  three  normal  modes  are  respectively  ,  w2,  and 
the  vibrational  partition  sum  is  given  by 


hcu^  v^ 


■I  l  Z  (v  +1  )  e' 
v^O  v2«0  v^-0 


hcui2v2 


hco)^v^ 


The  sums  on  v^  and  v^  are  simply  geometric  series  and  can 
be  readily  summed.  The  sum  on  v2  is  slightly  more 
complicated  but  can  also  be  summed.  After  combining  the 
sum3  from  the  three  fundamental  modes,  the  vibration 
partition  sum  becomes: 


-e 
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Numerical  values  of  Equation  (33)  are  tabulated  in  Table  3. 

If  instead  of  using  the  harmonic  oscillator  energy  levels 

to  calculate  the  vibration  partition  sum,  experimental 

energy  levels  were  used,  the  resulting  value  of  the 

vibration  partition  sum  would  probably  be  more  accurate. 

25 

Gray  and  Young  have  done  such  a  calculation,  but  their 
values  for  the  vibration  partition  sum  do  not  differ  by 
more  than  0.01  from  those  given  in  Table  3. 


Table  3.  The  CO-  vibration  partition  sum,  Q  ,  as  a 

function  of  T  using  the  harmonic  oscillator 
approximation . 
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Einstein  Absorption  Coefficients .  The  Einstein  absorption 
coefficient,  Bffln ,  which  is  the  second  factor  in  Equation 
(28),  measures  the  rate  at  which  molecules  make  the 
transition  from  the  lower  state  m  to  the  higher  state  n  by 


M2 


absorbing  a  photon  of  energy  hv _ .  The  coefficient  B _  is 

non  mn 

equal  to  a  constant  times  the  square  of  the  matrix  element 
of  the  electric  dipole  moment  Rmn, 
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mn 


ill 

3h2c 


.mn  I  2 
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,mn 


It  is  instructive  to  calculate  R“*“  for  the  case  of  a 
simple  harmonic  oscillator  potential.  Let  the  lower 
vibrational  state  be  designated  by  v"  and  the  higher  by  v', 
then 


,  v  "  v 


I  *!» 


v„(x)  M(x)  ty.Cx)  dx 


(35) 


where  M(x)  is  the  electric  dipole  moment  of  the  molecule. 
Expanding  the  electric  dipole  moment  about  the  equilibrium 
position  and  dropping  higher  order  terms,  yields 
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v"v' 


(x )  dx 
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dM 

dx 
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v(x) 
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The  first  integral  vanishes  since  the  harmonic  oscillator 
eigenfunctions  are  orthogonal.  The  second  also  vanishes 
except  when  v'  ■  v"  +  1.  The  transition  moment  then 
becomes 


v"  v  ’ 
R 


dM 

dx 


(0) 
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Since  the  intensity  of  the  electric  dipole  transition  is 


proportional  to  the  square  of  the  transition  matrix  element 

V  **  V  * 

R  ,  the  intensity  is  proportional  to  the  consecutive 
integers  1,  2,  3,  •  •  .  for  the  vibrational  transitions  0 
1,  1  *2,  2  -*•  3,  and  so  forth. 

The  potential  function  for  each  normal  mode  of  the 
real  C02  molecule  is  of  course  not  that  of  a  simple 
harmonic  oscillator,  but  the  general  harmonic  oscillator 
behavior  is  still  present. 


EXPERIMENTAL  SETUP 


The  CO2  sample  used  in  this  study  was  heated  to  make 
possible  the  observation  of  spectral  lines  originating  from 
high  rotation-vibration  states.  The  sample  was  placed  in  a 
stainless  steel  absorption  cell  which  was  heated  using  an 
electric  furnace  to  temperatures  up  to  800  K.  Heating  the 
C02  sample  excited  so  many  rotation-vibration  lines  in  the 
C02  spectrum  that  the  use  of  a  high  resolution  spectrometer 
was  essential  to  resolve  individual  lines.  Furthermore, 
since  entire  rotation-vibration  bands  were  to  be  observed, 
broad  spectral  converage  was  also  necessary. 

Although  there  were  a  number  of  spectroscopic 
techniques  that  could  have  been  used,  a  Michelson 
interferometer  was  the  most  suitable  candidate  for 
providing  the  required  high  resolution  broad  band  coverage. 
Some  of  the  other  commonly  used  spectroscopic  techniques 
are:  tunable  laser,  fixed  frequency  laser  heterodyne,  and 
scanning  grating.  Tunable  lasers  and  fixed  frequency  laser 
heterodyne  techniques  provide  more  than  sufficient 
resolution,  but  do  not  provide  the  required  broad  spectral 
coverage.  A  scanning  spectrometer  using  an  extremely  large 
grating  could  conceivably  have  been  used  to  make  the 
measurement,  but  since  a  grating  is  much  less  efficient 
than  an  interferometer  in  making  use  of  the  energy  supplied 


by  the  source,  a  scanning  grating  spectrometer  was  not 
considered  a  viable  alternative.  It  can  be  argued  that 
making  effective  use  of  the  energy  supplied  by  the  source 
is  not  necessary  for  absorption  spectroscopy,  since  the 
source  can  be  made  arbitrarily  bright.  However,  a 
practical  limit  for  source  brightness  is  soon  reached, 
making  the  efficient  use  of  the  source’s  energy  important. 

A  further  advantage  of  using  a  Michelson  interferometer  in 
making  line  position  measurements  is  the  ease  of  accurately 
calibrating  the  wavenumber  scale. 


Overview  of  Experimental  Setup 
A  simplified  schematic  of  the  overall  experimental 


setup  is  given  in  Figure  3*  A  Nernst  glower  was  used  as 

?  C 

the  source  of  the  infrared  radiation.  A  Nernst  glower  is 


a  small  cylinder  made  of  rare-earth  oxides,  which  when 


heated  by  passing  an  electrical  current  through  it,  has  a 
color  temperature  of  roughly  1600  K.  The  energy  from  the 
Nernst  glower  is  first  focused  down  so  as  to  enter  the  high 
temperature  absorption  cell.  This  absorption  cell  will  be 
discussed  briefly  in  the  next  section.  After  exiting  the 
absorption  cell  the  energy  is  again  focused  to  an  image, 
where  it  is  chopped  using  a  Bulova  vibrating  reed  chopper. 
The  chopped  beam  then  passes  through  an  infrared  filter 
which  limits  the  energy  in  the  beam  to  a  spectral  region  of 
interest.  After  passing  through  the  infrared  filter,  the 


schemati 


energy  is  collimated  in  preparation  for  entering  into  the 
Michelson  interferometer.  The  interferometer  will  be 
described  in  detail  in  a  subsequent  section  of  this 
report.  The  entire  optical  path  is  maintained  under 
a  vacuum,  except  for  a  small  (5  cm)  section  between  the 
high  temperature  absorption  cell  and  the  interferometer 
enclosure,  which  is  purged  with  dry  nitrogen. 

High  Temperature  Absorption  Cell 

The  design  and  fabrication  of  high  temperature  optical 

systems  are  beset  with  many  technical  difficulties.  A 

major  problem  is  finding  optical  materials  for  windows  and 

mirrors  that  maintain  their  mechanical  and  optical 

properties  at  high  temperatures.  In  addition,  the  large 

thermal  expansion  the  optical  components  experience  when 

being  heated  from  room  temperature  to  800  K  makes  it 

difficult  to  maintain  optical  alignment  while  avoiding 

stressing  the  optical  components.  Since  the  high 

temperature  absorption  cell  used  in  this  work  has  been 
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described  in  other  publications  only  a  brief  description 
of  the  cell  will  be  given  here. 

The  absorption  cell  was  constructed  using  rhodium 
coated  fused  silica  mirrors  in  the  Pfund  configuration 
(Figure  4).  J.  H.  Taylor  has  demonstrated  that  a  Pfund 
cell  can  be  used  affectively  to  study  high  temperature 

2  Q 

gases.  The  absorption  cell  mirrors  could  be  aligned  at 


Figure  M .  Schematic  of  the  high  temperature  absorption  cell 


room  temperature  and  then  the  cell  heated  to  800  K  without 

realigning  the  cell,  due  to  the  Pfund  configuration's  high 

tolerance  to  mirror  motion.  An  additional  reason  for  using 

a  triple  pass  Pfund  configuration  cell  instead  of  a  multi- 
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traversal  cell  such  as  a  White  cell  was  the  low 
reflectivity  of  the  rhodium  mirrors.  After  the  rhodium 
coated  mirrors  had  been  operated  for  any  length  of  time  at 
temperatures  above  600  K,  their  reflectivity  was 
substantially  reduced. 

One  disadvantage  of  the  absorption  cell  used  was  the 
nonuniform  temperature  of  the  gas  sample.  Due  to  the 
difficulty  of  maintaining  vacuum  seals  at  high 
temperatures,  the  CaF2  windows  were  maintained  near  room 
temperature,  while  the  temperature  of  the  central  one-meter 
region  of  the  cell  was  maintained  within  +  2  K  of  800  K. 

The  absorption  path  therefore  consisted  of  three  meters  of 
uniform  800  K  temperature  and  two  sections  of  1/4  meter 
each  in  which  the  temperature  rapidly  drops  from  800  K  to 
near  room  temperature.  Since  the  objective  of  the  present 
study  was  to  measure  the  position  of  spectral  lines,  and 
the  position  of  spectral  lines  is  unaffected  by 
temperature,  using  an  absorption  cell  with  a  nonuniform  gas 
temperature  was  not  a  problem.  However,  if  the  scope  of 
the  study  had  been  broadened  to  include  making  intensity 
measurements  of  spectral  lines,  the  present  absorption  cell 
would  have  caused  serious  problems.  Although  it  is 


possible  to  determine  the  intensities  of  spectral  lines  in 
an  absorption  cell  with  a  nonuniform  temperature  profile, 
it  is  a  complicated  process  for  which  the  temperature 
profile  of  the  gas  sample  must  be  known.  Determining  the 
temperature  profile  of  a  " ow  pressure  gas  sample  is  not 
simple,  particularly  since  the  temperature  profile  of  the 
gas  is  not  necessarily  the  same  as  that  of  the  cell  walls 
due  to  the  likelihood  of  convective  gas  currents  within  the 
cell . 


Fourier  Spectroscopy 

A  Fourier  spectrometer,  unlike  a  conventional 

dispersive  spectrometer  which  records  the  spectrum 

directly,  encodes  the  spectrum  making  necessary  the  use  of 

a  Fourier  transformation  to  recover  the  spectrum.  A 

Fourier  spectrometer  uses  the  energy  supplied  by  the  source 

very  efficiently.  The  two  main  light  gathering  advantages 

of  a  Fourier  spectrometer  over  a  conventional  dispersive 

spectrometer  are,  a  multiplex,  or  FellgettJ  advantage,  and 
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a  throughput,  or  Jacquinot  advantage.  Unlike  a  grating 
spectrometer,  which  scans  each  spectral  element  in 
sequence,  an  interferometer  is  continually  gathering 
information  on  all  spectral  elements.  This  is  the 
multiplex  advantage.  The  throughput  advantage  will  be 


discussed  in  a  later  section. 


Principle  of  Operation  of 

a  Michelson  Interferometer .  A  schematic  that  illustrates 
the  principle  of  operation  of  a  Michelson  interferometer  is 
given  in  Figure  5.  A  collimated  beam  of  light  from  the 
source  falls  on  the  beamsplitter  (B.  S.)  and  is  divided 
into  two  parts.  One  is  reflected  off  the  beamsplitter  and 
is  sent  to  mirror  ,  the  other  goes  through  the  beam¬ 
splitter  and  is  reflected  off  the  moveable  mirror  M2-  Both 
beams  of  light  recombine  at  the  beamsplitter  where  they 
interfere;  part  of  the  light  is  sent  to  the  detector,  while 
the  remainder  is  reflected  back  to  the  source.  The  amount 
of  light  reaching  the  detector  is  a  function  of  the 
position  of  the  moveable  mirror  M2« 

Let  an  incoming  plane  wave  of  amplitude  A  be 
represented  by  A  e1  ( 2TTox-u)t )  w^ere  u  iS  the  angular 
frequency,  and  o  is  the  wavenumber  of  the  light.  If  the 
amplitude  of  the  wave  transmitted  through  the  beamsplitter 
is  t  and  the  amplitude  of  the  reflected  wave  is  r,  the 
intensity  at  the  detector  is 

Int  -  |  rt  A  e1  (2lT0Xi -cot)  +  tr  A  0i  ( 2irox2-u)t )  |  2  ^  (38) 

where  x1  is  the  round  trip  distance  the  light  travels  in 
going  from  the  beamsplitter  to  mirror  M1  and  back  again. 

The  corresponding  distance  for  M2  is  x2.  By  rearranging 
Equation  (38)  and  letting  x  -  x1 - 


x2,  we  find  that  the 


Intensity  is  given  by 


Int  -  2  A2  Itr]2  (  1  +  cos(2irox)  ) 


The  beamsplitter  efficiency  is  [tr|  .  For  a  polychromatic 

2 

source  of  intensity  B(o)  -  A  ,  the  intensity  at  the 


detector  is 


f  00 

Int  -  qJ  2  B(o)  |tr|2  (  1  +  cos(2irox)  )  do  .  < 

The  part  of  Equation  (40)  that  varies  with  optical  path 
difference,  x,  is  defined  as  the  interf erogram ,  I(x). 


I(x)  -  2  1 1  r  |  0J  B(o)  cos(2itox)  do  . 


The  spectrum,  B(o),  is  obtained  by  taking  the  Fourier 
transformation  of  the  interf erogram . 


The  Fourier  transformation  can  be  defined  as 


B  (  o )  -  j  I  (  x  )  e27Tiox  dx  , 


and  the  inverse  transformation  as 


(42a) 


I  ( x )  »  J  B(o)  e~2lU0X  do  . 


When  the  input  function  is  real  and  even,  its  Fourier 
transformation  reduces  to  the  cosine  transform. 


B(o)  *  2  nj  I(x)  cos(2ttox)  dx 


(42b) 


Apodization .  The  interf erogram  produced  by  a  real 
Michelson  interferometer  can  not  cover  the  entire  range  of 
x,  from  -®  to  +  ®,  as  was  implied  in  Equations  (41  and  42), 
but  is  limited  to  the  finite  range  -L  to  +  L.  Limiting  the 
range  of  x  to  a  finite  range  broadens  the  instrument 
function  of  the  interferometer.  Any  spectrometer  provides 
a  spectral  signal  given  by  the  true  spectrum  convolved 
with  the  instrument  function.  A  spectrometer  with  infinite 
resolution  generates  no  spectral  distortion,  so  its 
instrument  function  is  a  Dirac  delta  function.  Real 
spectrometers,  however,  provide  a  finite  spectral 
resolution . 

If  the  input  signal  to  a  Michelson  interferometer  is  a 
monochromatic  beam  of  light,  the  resulting  interf erogram  is 
a  cosine  function  truncated  at  the  maximum  optical  path 
difference  L.  The  resulting  spectrum,  i.  e.,  the  Fourier 
transform  of  the  interf erogram ,  is 

sine  ( 2Lo )  -  -1-nffirLo }  .  (44) 

Hence  the  instrument  function  for  an  interferometer,  if  no 
other  distortion  is  present  in  the  measured  interf erogram , 
is  a  sine  function  with  its  first  zero  at  1/(2L).  Hence, 
the  resolution,  Ao,  of  a  Michelson  interferometer  is 


The  sine  instrument  function  has  a  serious  disadvantage,  in 

", 

that  it  converges  to  zero  very  slowly.  An  instrument 
function  which  exhibits  faster  convergence  to  zero  than  the 
sine  function  is  created  by  removing  the  sharp  edges  at  the 
end  of  the  interf erogram  by  multiplying  the  interf erogram 
by  various  functions.  This  process  is  called  apodization. 

The  function  used  to  apodize  the  interf erograms  for 
this  work  was  the  triangular  function  T  given  by 


T( x )  -  1  -  l£l  for  | x |  <  L 
T(x)  -  0  | x |  >  L 


(46) 


Application  of  the  triangular  function  T  for  apodization 
results  in  the  following  instrument  function: 


.  2 
sine 


(Lo ) 


sin(TrLo ) 
ivLo 


(47) 


The  instrument  function  with  no  apodization  and  using  a 
triangular  function  for  apodization  are  compared  in  Table  4 
Note  that  with  no  apodization  the  central  feature  of  the 
instrument  function  is  sharper,  while  with  apodization  the 
side  lobes  converge  to  zero  much  faster.  The  disadvantage 
of  all  functions  used  for  apodization  is  their  degradation 
of  spectral  resolution  caused  by  the  broadening  of  the 


instrument  function. 


Table  4.  Comparison  between  no  apodization  (sine)  and 
triangular  apodization  (sine  j. 


P  V 

x  sinc(x)  sine 


0.0 

1 .0000 

1 .0000 

0.5 

0.6366 

0.81 06 

1  .0 

0 

0.4053 

1  .5 

-0.21 22 

0.0901 

2.0 

0 

0 

2.5 

0.1273 

0.0324 

3.0 

0 

0.0450 

3.5 

-0.0909 

0.0165 

4.0 

0 

0 

4.5 

0.0707 

0.0100 

5.0 

0 

0.0162 

5.5 

-0.0579 

0.0067 

6.0 

0 

0 

6.5 

0.0490 

0.0048 

7.0 

0 

0.0083 

7.5 

-0.0424 

0.0036 

8.0 

0 

0 

8.5 

0.0374 

0.0028 

9.0 

0 

0.0050 

9.5 

-0.0335 

0.0022 

10.0 

0 

0 

Sampling  the  Interf erogram .  In  practice  the  interf erogram 
produced  by  a  Michelson  interferometer  is  not  a  continuous 
function  of  x,  but  is  a  function  which  is  sampled  at 
equidistant  intervals  separated  by  Ax.  These  sampling 
locations  are  determined  from  the  interf erogram  of  a  single 
frequency  HeNe  laser,  which  is  coaligned  with  the  infrared 


beam.  The  movable  mirror  M2  can  either  be  stepped  or 


scanned  continuously.  In  the  stepping  mode,  the 
interferometer  is  maintained  at  a  fixed  optical  path 
difference,  x^  ,  while  the  energy  falling  on  the  detector, 
Itx^,  is  measured.  Mirror  M2  is  then  stepped  to  its  next 
position,  and  the  next  interf erogram  data  point  I(x.+1)  is 
collected . 

The  spectrum  is  recovered  from  the  sampled 
interf erogram  by  means  of  a  discrete  Fourier 
transformation.  The  discrete  Fourier  transformation  is 
obtained  from  the  continuous  Fourier  transformation 
(Equation  ( ^ 2 ) )  by  replacing  x  by  jAx,  0  by  kAo,  and  the 
integral  with,  a  summation  over  the  total  number  of  data 
points  N.  Since  the  range  of  the  interf erogram  is  from  -L 
to  +L  the  interval  Ax  is  given  by 


4X  •  Tf  • 


Similarly  the  spectral  interval  Ao  is 


^°max~  °min^ 
N 


where  omin  is  the  lowest  wavenumber  in  the  signal  bandpass 
and  °mav  i-3  highest.  It  can  clearly  be  seen  from 
Figure  6,  where  two  sampled  cosine  waves  with  different 
periods  appear  identical,  there  must  be  a  restriction  on 
the  value  that  Ax  can  assume.  This  proper  sampling 


Figure  6.  Two  sampled  cosine  functions  that  appear  ide 
interval  of  Ax  =  1 . 


interval,  Ax,  for  a  given  spectral  bandpass,  is  given 
32,33 


2  ^°max  ~  °min 


Combining  Equations  (49)  and  (50)  gives  the  following 


important  relation 


AxAo  -  w 


This  relation  is  then  used  to  write  down  the  discrete 
Fourier  transformation 

N-1  2  tt  i  k  j 

B(k)  -  l  I(j)  e  N 
j-0 

and  its  inverse 

,  N-1  2irikj 

I(J)  ■  if  I  B(k )  e~  N 
N  k-0 


There  is  a  certain  amount  of  arbitrariness  in  the 
definition  of  the  discrete  Fourier  transformation.  An 
alternative  definition  which  is  more  consistent  with  the 
continuous  Fourier  transformation  defined  in  Equation  (42) 


N-1  2  tt  i  k  .1 

B ( k )  -  Ax  l  I(j)  e  N 

j-0 

and  the  inverse 

N-1  2irik, 

I(j)  -  Ao  I  B(k)  e"  N 
k-0 


However,  Equation  (52)  is  the  definition  of  more  standard 
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usageJ  and  so  will  be  used  for  the  remainder  of  the 

present  work. 

Finite  Field  of  View .  A  complication  that  arises  with 
Fourier  spectrometers  is  that  both  the  source  and  the 
detector  are  finite  in  size.  Therefore  the  light  going 
through  the  interferometer  is  comprised  of  rays  with  a 
range  of  finite  angular  extent.  The  optical  path  differs 
by  a  factor  of  cosa  for  off-axis  rays  compared  to  on-axis 
rays,  where  a  is  the  off-axis  angle.  When  a  detector  of 
finite  size  is  used,  the  interf erogram ,  Equation  (41),  has 
to  be  modified  by  integrating  over  the  solid  angle,  ft, 
subtended  by  the  detector, 

I(x,ft)  =  2  1 1  r  1 2  |  B(o)  j  cos(2ttox  cosa)  do  dft'.  (54) 

-a.  ft 

When  the  small  angle  approximation  is  used,  and  a  circular 
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detector  assumed,  ft  is  equal  to  ira  .  After  integrating 
over  ft’,  Equation  (54)  becomes 

r  00 

I(x,ft)  -  2  |  tr  |2  J  B(o)  ft  sinc(-^)  cos(2ttxo(1  -  ^)j  do  . 
—  00 

(55) 

It  can  be  seen  that  a  finite  detector  introduces  two 
effects;  the  amplitude  of  the  Interf erogram  is  modulated  by 
a  sine  function,  and  the  positions  of  spectral  features  are 


shifted  from  their  true  position  by 


So  8 

o  ”  Tit 


(56) 


The  decrease  in  amplitude  of  the  interf erogram  caused 
by  the  multiplying  sine  function  can  be  reduced  to  an 
acceptable  level  by  limiting  the  solid  angle  8.  The  solid 
angle  is  conventionally  limited  so  that  the  argument  of  the 
sine  is  always  less  than  or  equal  to  1/2, 


8  < 


o  L 
max 


(57) 


where  omax  is  the  highest  optical  frequency  and  L  is  the 
maximum  optical  path  difference  in  the  interf erogram . 
Alternatively  the  off-axis  angle  a  for  the  detector  must  be 
specified  by 


a  <  ( 


o  L 
max 


)  2  . 


(58) 


When  this  criterion  is  used,  the  amplitude  of  the 
interferogram  is  attenuated  by  less  than  a  factor  of  0.6*1, 
even  at  the  highest  optical  frequency. 


Throughput  Advantage.  The  throughput,  E,  or  e'tendue,  of  an 
optical  system  is  defined  as 

E  -  A8  ,  (59) 


where  A  is  the  area  of  the  collecting  optics,  and  8  is  the 
solid  angle  accepted  by  the  system. 


The  throughput  advantage  of  a  Michelson  interferometer 


over  a  grating  spectrometer  is  demonstrated  by  comparing 
the  throughput  of  the  two  systems.  The  throughput  of  a 
Michelson  interferometer,  E  ,  is  the  area  of  the 
interferometer  optics,  A,  times  the  solid  angle  accepted  by 
the  interferometer  (Equation  (57)), 


The  resolving  power  of  a  spectrometer  is  defined  as 

R-^.  (61) 

Combining  Equations  (60),  (61)  and  (45)  gives  the 
throughput  of  a  Michels on  interferometer  in  terms  of  the 
resolving  power  R  as 


m 


2?rA 

R 


(62) 


The  throughput  of  a  grating  spectrometer, 
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Eg,  is 


r.  1A 
Eg  "  fR  ’ 


(63) 


where  1  is  the  length  of  the  grating  spectrometer  slit,  and 
f  is  the  collimator  focal  length.  The  throughput  advantage 


of  a  Michelson  interferometer  is  then 


I 


It  is  very  difficult  to  construct  a  grating  spectrometer 
for  which  the  slit  length,  1,  is  not  considerably  shorter 
than  the  collimator  focal  length,  f.  Even  when  compared  to 
a  very  fast  grating  spectrometer , the  ratio,  Em/Eg,  is  on 
the  order  of  200.^ 


Wavenumber  Calibration.  Aligning  the  infrared  beam  to  be 
parallel  with  the  laser  reference  beam  does  not  insure 
accurate  wavenumber  calibration  unless  the  solid  angle 
subtended  by  the  two  beams  is  identical.  In  practice,  the 
solid  angle  the  laser  reference  beam  is  generally  much 
smaller  than  that  of  the  infrared  beam.  The  wavenumber 
shift  factor,  Equation  (56),  depends  on  the  solid  angle 
subtended  by  the  detector,  ft,  so  it  is  necessary  to 
introduce  a  small  correction  to  the  wavenumber  scale  of  the 
recovered  spectrum.  It  is  possible  to  measure  the  field  of 
view  of  the  infrared  beam  and  the  reference  laser  beam  very 
accurately,  and  then  calculate  this  wavenumber  correction. 
However,  in  practice,  it  is  usually  easier  to  calibrate  the 
wavenumber  scale  of  the  recovered  spectrum  using  the 
position  of  a  few  very  accurately  measured  lines.  Since 
Fourier  spectrometers  intrinsically  provide  broad  spectral 
coverage,  it  is  not  difficult  to  find  a  few  lines  of  CO, 
C02,  or  lines  of  some  other  molecule  that  have  been  as 
accurately  measured  to  serve  as  an  internal  wavenumber 
standard . 


y.y.- 
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Beamsplitter  Compensation.  Beamsplitters  used  in  the 
infrared  region  of  the  spectrum  are  usually  constructed 
using  a  thin  dielectric  film  deposited  on  a  substrate 
material  which  is  transparent  in  the  infrared.  A  schematic 
of  a  Michelson  interferometer  showing  the  finite  thickness 
of  the  beamsplitter  substrate  is  given  in  Figure  7.  The 
part  of  the  beam  that  is  reflected  to  mirror  and  back  to 
the  beamsplitter  does  not  pass  through  the  beamsplitter 
substrate  while  the  part  of  the  beam  which  is  transmitted 
through  the  beamsplitter  and  subsequently  reflected  from 
mirror  M2  must  traverse  the  beamsplitter  substrate  twice. 
Since  the  optical  thickness  of  the  beamsplitter  substrate 
is  a  function  of  wavenumber,  the  position  of  zero  path 
difference  for  optical  signals  of  each  wavenumber  is 
shifted  by  an  amount  6(o).  The  interf erogram ,  I'(x),  which 
including  the  effects  of  dispersion  in  the  beamsplitter 
substrate  is 

I’(x)  -  J*B(0)  e*2”10^  ■  5(o)]  do  .  (65) 

—  CD 

There  is  now  no  clear  position  of  zero  path  difference, 
since  the  phase  of  each  cosine  wave  comprising  the 
interf erogram  is  different.  To  minimize  this  phase 
difference,  a  compensator  plate  made  of  the  same  substrate 
material  as  the  beamsplitter  is  usually  placed  in  front  of 
the  beamsplitter  to  equalize  the  dispersion  between  the 
two  paths  of  the  interferometer  (Figure  8).  In  the  case 

65 
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Figure  8.  Beamsplitter  compensation  using  an  additional 
compensator  plate. 
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of  a  cat's  eye  interferometer,  such  as  the  AFGL  Two-meter 
Interferometer,  the  input  and  output  beams  are  physically 
displaced.  This  physical  displacement  makes  possible  beam¬ 


splitter  compensation  by  depositing  the  beamsplitter 
coatings  on  opposite  faces  of  the  same  substrate  plate 
(Figure  9 ) . 

The  AFGL  Two-Meter  Interferometer 

The  interferometer  that  was  used  for  the  present  study 

was  built  by  Idealab  for  the  Air  Force.  It  is  located  at 

the  Air  Force  Geophysics  Lab  (AFGL)  on  the  Hanscom  Air 

Force  Base  in  Bedford,  Massachusetts.  Although  the 

interferometer  was  designed  to  achieve  a  maximum  optical 

path  difference  of  two  meters,  for  the  present  study  a 

maximum  optical  path  of  only  83  cm  was  used.  The 

interferometer  is  of  the  step  and  hold  type,  where  the 

interf erogram  is  sampled  at  a  fixed  optical  path 

difference,  the  interferometer  is  then  stepped  to  the  next 

holding  location  and  the  next  data  point  of  the 

interf erogram  sampled.  A  Digital  Equipment  PDP-8/E 

minicomputer  is  used  to  provide  the  commands  which  control 

the  interferometer  stepping.  The  PDP-8/E  is  also  used  to 

record  the  interf erogram  data.  The  interferometer  has  been 

used  previously  by  Hajime  Sakai  to  record  the  spectra  of 

several  atmospheric  molecules ^ ’ ^8  and  has  been  described 

39  40 

in  previous  publications.  ’  During  the  course  of  the 


present  study  the  reliability  of  the  interferometer  stepping 
has  been  markedly  improved  by  upgrading  the  PDP-8/E 
stepping  control  software.  This  enhanced  stepping  software 
provides  detailed  diagnostic  information  on  all  stepping 
peculiarities  and  provides  automatic  self  correction  for 
the  more  commonly  occurring  stepping  errors. 

Overview  of  Interferometer .  The  AFGL  interferometer  uses 
cat’s  eye  retroref lectors  instead  of  flat  mirrors.  A  cat’s 
eye  retroref lector  consists  of  a  small  convex  mirror 
mounted  at  the  focal  point  of  a  large  concave  mirror  as 
illustrated  in  Figure  10.  The  outgoing  beam  from  a 
cat's  eye  retroref lector  stays  parallel  to  the  incident 
beam,  even  when  the  incident  beam  is  tilted  with  respect  to 
the  optical  axis  of  the  cat's  eye.  There  are  two  main 
advantages  that  a  cat's  eye  interferometer  has  over  a 
conventional  flat  mirror  interferometer.  First,  due  to  the 
property  that  the  outgoing  beam  is  parallel  to  the  incoming 
beam,  the  use  of  a  cat's  eye  retroref lector  relaxes  the 
required  parallelism  of  the  interferometer  drive  mechanism 
and  makes  the  interferometer  alignment  very  stable.  The 
AFGL  two-meter  interferometer  will  stay  in  alignment  for 
over  a  year  at  a  time.  The  second  advantage  of  a  cat's  eye 
system  is  that  the  incident  and  the  reflected  beams  are 
laterally  displaced  allowing  the  use  of  two  complementary 
detectors.  The  resulting  interf erogram  is  the  difference 


sti  rrrrrTTrrrr?  v^1.-  ?  'jl  11  g  -'■  •'.»  ty  wr.1 « 


Figure  10. 


The  optical  layout  of  a  cat’s  eye  retro- 
reflector.  Note  that  for  either  an  on-axis  ray 
(a)  or  an  off-axis  ray  (b)  the  outgoing  ray  is 
parallel  to  the  incident  ray. 
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between  these  two  complementary  channels.  Use  of  two 
detectors  helps  minimize  the  effects  of  source  fluctuations 
and  instrumental  drifts.  The  two  detectors  and  their 
preamplifiers  are  matched,  making  the  measured 
interf erogram  insensitive  to  any  perturbing  effect  which 
influences  both  channels  equally. 

A  photograph  of  the  AFGL  interferometer  is  given  in 
Figure  11  and  a  detailed  schematic  in  Figure  12.  The 
infrared  energy  enters  the  interferometer  from  the  bottom 
in  the  photograph  and  from  the  left  in  the  schematic.  The 
infrared  beam  first  passes  above  mirror  and  strikes  the 
upper  half  of  the  beamsplitter,  BS,  where  it  is  divided 
into  two  beams.  One  beam  is  sent  to  the  stationary  cat's 
eye,  CE1 ,  and  the  other  to  the  moveable  cat's  eye,  CE2. 

Since  the  cat's  eyes  introduce  a  shear,  the  returning  beams 
strike  the  lower  half  of  the  beamsplitter.  One  output  beam 
goes  to  detector  D1  by  means  of  folding  mirrors  M^  and  M2 
and  collecting  mirror  Mg.  The  second  output  beam  goes  to 
detector  D2  by  means  of  folding  mirrors  and  M^  and 
collecting  mirror  Mg.  The  beam  from  the  HeNe  reference 
laser  follows  a  path  similar  to  that  of  the  infrared 
energy.  Mirror  M^  directs  the  laser  beam  to  the 
beamsplitter  where  the  laser  beam  is  split  into  two  beams. 
After  recombining  again  at  the  beamsplitter,  one  output  beam 
is  directed  to  the  laser  detector  Dg  by  means  of  folding 
mirror  Mg  and  the  other  goes  directly  to  detector  D^. 
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The  interferometer  is  housed  in  a  vacuum  enclosure. 
There  are  three  main  advantages  of  operating  an 
interferometer  in  a  vacuum.  First,  evacuating  the 
interferometer  avoids  the  problem  of  atmospheric  lines  in 
the  spectrum  arising  in  the  instrument  instead  of  from  the 
source  to  be  observed.  This  is  particularly  important  when 
the  observed  source  contains  CC^-  Second,  no  wavenumber 
correction  for  the  index  of  air  need  be  made  to  the 
spectrum.  The  index  of  refraction  of  air  is  not  constant 
for  the  laser  reference  frequency  and  the  different 
infrared  frequencies.  Therefore,  when  an  interferometer  is 
operated  in  air,  a  non-linear  correction  term  must  be 
applied  to  the  measured  spectrum.  Finally,  operating  in  a 
vacuum,  eliminates  acoustic  vibrations  transmitted  through 
the  air  which  can  disrupt  the  interferometer  stepping.  To 
further  reduce  vibrations,  the  interferometer  enclosure  is 
mounted  on  a  set  of  air  filled  vibration  isolators. 

The  Interferometer  Drive .  The  interferometer  drive 
mechanism  provides  a  path  length  stability  of  approximately 
0.01  ym  at  each  holding  position,  yet  can  be  stepped  to 
provide  more  than  a  meter  of  optical  path  difference.  This 
represents  a  range  of  motion  covering  8  orders  of 
magnitude.  Three  sources  of  change  in  optical  path 
difference  are  used,  each  with  its  own  range  of  motion. 
These  are  shown  in  the  schematic  of  Figure  12,  they  are:  1) 


a  dc  motor  which  drives  a  lead  screw,  S1 ;  2)  a  linear 

magnetic  motor,  S2;  and  3)  a  piezoelectric  transducer,  S^. 
Large,  but  not  very  accurate,  changes  in  optical  path 
difference  are  provide  by  the  dc  motor  turning  the  lead 
screw.  The  lead  screw  is  coupled  to  the  movable  cat's  eye 
by  a  linear  electric  motor  with  a  range  of  motion  of  about 
1  cm.  Very  delicate  adjustments  in  path  length  are 
provided  by  mounting  the  small  mirror  of  the  fixed  cat's 
eye  on  a  stack  of  piezoelectric  barium  titanate  crystals. 
The  piezoelectric  stack  is  driven  with  up  to  100  volts  to 
produce  small  (about  0.2  pm)  but  fast  changes  in  path 
length . 

Considerable  care  must  be  taken  in  the  design  of  an 
interferometer  to  ensure  that  the  moveable  cat's  eye  will 
translate  smoothly,  while  minimizing  vibration  and 
mechanical  stresses.  Thus,  the  movable  cat's  eye  is 
mounted  on  a  cart  that  rides  on  a  set  of  precision 
bearings.  These  bearings  ride  on  two  very  accurately 
aligned  parallel  stainless  steel  rails  called  ways.  Also 
attached  to  the  cart  are  two  oil-filled  dashpots  to  help 
damp  out  oscillations.  In  order  to  avoid  vibration  and 
possible  mechanical  stress,  the  cart  is  coupled  to  the  lead 
screw  only  through  the  magnetic  induction  of  the  linear 
electric  motor. 

The  three  sources  of  motion  are  coupled  together  into 
a  single  servo  system  to  provide  large,  yet  very  accurate. 


changes  in  optical  path  difference.  An  inductive  type 
position  sensor  is  used  for  the  source  of  feedback  for  the 
lead  screw  motor.  The  feedback  signal  for  both  the  linear 
motor  and  the  piezoelectric  stack  is  supplied  by  the  laser 
reference  signal.  For  a  cat's  eye  interferometer,  the 
laser  reference  signal  is  the  difference  in  signal  between 
the  two  complementary  detectors.  An  example  of  the  laser 
reference  signal  is  given  in  Figure  13.  When  the  signal  is 
maximum,  constructive  interference  is  occurring  at  one 
detector  and  destructive  interference  at  the  other.  When 
the  signal  is  minimum,  the  role  of  the  two  detectors  has 
been  reversed.  During  the  holding  mode  the  interferometer 
is  maintained  at  a  position  where  the  signals  from  the  two 
complementary  detectors  are  equal.  At  this  position  the 
reference  signal  is  the  most  sensitive  to  changes  in  path 
length . 

In  the  holding  mode  both  the  linear  electric  motor  and 
the  piezoelectric  stack  are  used  to  maintain  a  fixed  value 
of  the  optical  path  length.  To  carry  out  a  one  laser 
wavelength  step,  the  hold  servos  are  turned  off  and  the 
linear  motor  drives  the  mirror  to  the  next  holding 
position,  where  the  hold  servos  are  again  turned  on.  When 
the  linear  motor  moves  a  short  distance  from  the  center  of 
its  working  range,  the  dc  motor  drives  the  lead  screw  to 


recenter  it. 


Data  Acquisition .  The  data  acquisition  system  is  a  hybrid 


system  in  which  part  of  the  processing  is  done  with 
dedicated  electronics  and  part  with  a  PDP-8/E  minicomputer. 
In  addition  to  data  acquisition,  the  PDP-8/E  minicomputer 
also  controls  interferometer  stepping.  Analog  electronics 
are  used  to  difference  the  signals  from  the  two 
complementary  infrared  detectors,  while  synchronous 
demodulation  and  signal  averaging  is  performed  with  the 
minicomputer . 

A  block  diagram  of  the  data  acquisition  and  stepping 
control  electronics  is  given  in  Figure  14.  The  signals 
from  the  two  infrared  detectors  are  slightly  rounded  4oo  Hz 
square  waves,  since  the  infrared  beam  is  chopped  at  400  Hz 
by  a  vibrating-reed  chopper  before  entering  the 
interferometer.  The  signals  from  the  two  complementary 
detectors  are  first  amplified  using  separate  preamplifiers. 
Next,  since  the  signals  from  the  two  infrared  detectors  are 
not  precisely  matched,  one  of  the  signals  is  sent  through  a 
variable  gain  amplifier  in  order  to  match  the  two  signals. 
The  two  signals  are  then  differenced.  Since  the  signal 
from  the  infrared  detectors  are  complementary,  this  process 
doubles  the  interf erogram  signal  while  canceling  the  signal 
from  the  background.  The  interf erogram  signal  is  next 
matched  to  the  range  of  the  ADC  (+1  volt)  with  a  variable 
gain  amplifier.  The  interf erogram  signal  then  enters  the 
analog  multiplexer  of  the  PDP-8/E  data  acquisition  system. 


detectors 


control 


To  assist  in  the  demodulation  of  the  chopped  signal,  the 
inverse  interf erogram  signal  is  also  fed  into  a  channel  of 
the  analog  multiplexer. 

Synchronous  demodulation  is  accomplished  digitally. 

The  computer  is  programmed  to  monitor  the  chopper  reference 
signal  to  determine  the  state  of  the  chopper.  As  soon  as 
the  chopper  opens  the  Digital  Equipment  10  bit  ADC 
converter  samples  the  signal  repeatedly  and  sums  the 
samples  into  a  double  precision  PDP-8/E  24-bit  word.  When 
the  chopper  closes,  the  resulting  background  signal  is 
subtracted  by  switching  the  analog  multiplexer  to  the 
inverse  interf erogram  signal  and  again  sampling  repeatedly 
and  summing  to  the  same  double  precision  24-bit  word.  The 
interferometer  is  typically  maintained  in  the  same  holding 
position  for  12  chopper  cycles,  and  the  interf erogram 
sampled  24  times  each  chopper  cycle,  making  a  total  of  288 
samples  per  holding  position.  Summing  288  10-bit  samples 
together  improves  the  precision  of  the  signal  by  a  factor 
of  the  square  root  of  288  or  about  17,  making  the  precision 
of  the  data  slightly  more  than  14  bits.  After  640  points 
of  the  i nterf erogram  have  been  sampled,  averaged,  and 
stored  in  a  buffer,  they  are  then  written  on  magnetic  tape. 
The  buffer  is  filled  repeatedly  until  the  entire 
interf erogram  has  been  recorded.  The  typical  recording 
time  for  a  10^  point  interf erogram  is  15  hours. 
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Computer  Control  of  the  Interferometer .  The  PDP-8/E 
computer  stepping  and  holding  control  software  was  upgraded 
during  the  course  of  the  present  study.  In  this  upgraded 
software  system,  in  addition  to  generating  the  commands 
causing  the  interferometer  to  step,  the  computer  monitors 
the  quality  of  each  stepping  and  holding  period.  The 
quality  of  each  stepping  or  holding  motion  is  determined 
from  the  characteristic  of  the  laser  reference  signal.  The 
computer  records  detailed  information  about  any  stepping  or 
holding  peculiarities  that  arise.  The  computer  has  also 
been  programmed  to  take,  if  necessary,  corrective  action 
for  the  most  commonly  occurring  errors.  Making  the  system 
partially  self-correcting  has  increased  the  reliability  of 
the  interferometer,  but  the  most  significant  benefit  has 
been  the  improved  diagnostic  capability.  Before  the 
computerized  diagnostic  feature  was  implemented,  it  was 
almost  impossible  to  determine  the  nature  of  infrequently 
occurring  errors.  When  errors  occur  at  rates  as  low  as  one 
in  10,000  steps,  or  lower,  it  is  almost  impossible  to 
"catch"  the  interferometer  in  the  "act"  of  a  misstep 
without  implementing  some  sort  of  automatic  error  detection 
method.  When  the  nature  of  stepping  errors  are  known,  the 
servo  parameters  can  usually  be  adjusted  to  eliminate  the 


errors . 


A  flow  chart  illustrating  the  main  features  of  the 
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interferometer  control  and  data  acquisition  computer 
program  is  given  in  Figure  15.  A  listing  of  the  assembly 
lan’guage  program  CONTST  (CONtrol  and  stepping  TeST)  is 
given  in  Appendix  C.  The  program  was  written  with  the  goal 
of  multiplexing  efficiently  several  tasks  at  once.  For 
example  while  the  ADC  converter  is  in  the  process  of 
performing  a  conversion,  the  computer  is  processing  the 
results  from  the  previous  conversion.  The  analog 
multiplexer  on  the  Digital  Equipment  data  acquisition 
system  makes  it  possible  to  sample  the  infrared 
interf erogram  signals  as  well  as  to  monitor  the  laser 
reference  signal  with  one  ADC.  The  laser  reference  signal 
is  monitored  only  while  the  signal  from  the  infrared 
detectors  would  not  be  valid  interf erogram  data.  These 
times  occur  when  the  interferometer  is  stepping,  when  the 
interferometer  is  settling  down  after  a  step,  and  when  the 
chopper  is  in  transition  from  open  to  closed,  or  from 
closed  to  open.  Since  the  natural  frequencies  of  the 
interferometer  drive  are  lower  than  the  chopper  frequency, 
the  interferometer  motion  can  be  adequately  monitored  at 
chopper  cycle  intervals. 

The  most  common  type  of  stepping  error  occurs  in  the 
transition  period  between  the  turning  off  of  the  holding 
servos  and  the  turning  on  of  the  step  drive.  If  a 
vibration  of  sufficient  amplitude  and  the  right  phase  is 


present  during  this  transition  period,  the  movable  mirror 
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can  be  pushed  backward  a  considerable  distance.  After 
being  forced  backward,  the  interferometer  starts  driving 
forward  again.  The  laser  reference  signal  soon  matches  the 
preset  level  where  the  interferometer  servo  controller 
interprets  the  step  as  having  been  completed.  The  holding 
servos  are  again  turned  on,  but  instead  of  completing  a 
step,  the  interferometer  has  returned  to  its  original 
position.  The  laser  reference  signal  that  results  when 
this  type  of  false  step  occurs  is  represented  in  Figure  16. 
The  computer,  monitoring  the  laser  reference  signal, 
detects  the  lack  of  a  positive  peak  as  a  stepping  error. 

The  stepping  software  corrects  this  type  of  error  by 
causing  the  interferometer  to  step  again. 

The  laser  reference  signal  is  monitored  during  the 
holding  mode  as  well  as  during  the  stepping  mode.  The 
control  software  detects  when  the  interferometer  is  not 
holding  properly  (within  about  0.05  urn).  When  this  happens 
the  computer  stops  taking  data  until  the  interferometer  has 
settled  down,  then  retakes  the  affected  interf erogram  data 
point . 

If  a  mechanical  vibration  of  the  interferometer 
mirrors  cause  the  optical  path  length  to  change  by  more 
than  half  a  laser  wavelength  (0.3  um),  the  hold  servos  will 
no  longer  provide  negative  feedback  and  so  will  not  be  able 
to  bring  the  interferometer  back  to  the  proper  holding 
position.  This  condition  is  monitored  by  the  control 


Figure  16.  The  laser  reference  signal  showing  a  stepping 
error  and  its  correction. 
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software  and  diagnostic  information  is  recorded,  but 
corrective  action  is  not  taken.  Using  the  air-filled 
vibration  isolators  and  operating  in  a  vacuum  make  these 
irrecoverable  errors  uncommon.  However,  the  acoustic 
vibrations  from  a  thunder  shower  will  sometimes  couple 
through  the  interferometer  enclosure  sufficiently  to  cause 
irrecoverable  errors. 

Modification  of  Interferometer 

In  addition  to  the  C02  bands  in  the  4.3  and  2.8  pm 
regions  which  were  analyzed  in  the  present  study,  there  are 
important  CC>2  bands  in  the  15  pm  region  which  could  not  be 
observed  without  modification  of  the  interferometer.  To 
meet  this  need,  and  to  make  the  interferometer  more 
flexible  for  future  observations,  the  spectral  coverage  of 
the  interferometer  was  extended  to  over  20  pm  by  replacing 
the  CaF2  beamsplitter  and  gold  doped  germanium  detectors 
with  a  KBr  beamsplitter  and  copper  doped  germanium 
detectors.  The  upgraded  Interferometer  was  then  used  to 
take  preliminary  C02  data  in  the  15  pm  region  and  HDO  data 
in  the  7.3  pm  region.  It  would  have  been  possible  to  take 
some  HDO  measurement  without  upgrading  the  interferometer, 
but  It  would  have  been  difficult,  since  the  response  of  the 
interferometer  before  the  upgrade  was  so  low  at  the  longer 
wavelengths . 


KBr  Beamsplitter .  The  optical  properties  of  KBr  make  it  a 
good  material  to  use  for  infrared  beamsplitters.  It  has  a 
low  index  of  refraction  and  transmits  from  the  visible  to 
beyond  25  pm.  However,  since  KBr  is  soft  and  hydroscopic, 
it  is  difficult  to  work  with.  We  had  on  hand  a  KBr 
beamsplitter  with  a  germanium  coating  that  had  been  in 
storage  for  a  number  of  years.  Since  KBr  has  a  tendency  to 
cold  flow,  there  was  considerable  risk  that  the 
beamsplitter  would  not  be  sufficiently  flat  to  be  still 
usable.  In  addition,  even  though  the  beamsplitter  had  been 
stored  with  a  desiccant  in  an  airtight  container,  there 
could  have  been  subtle  damage  to  the  beamsplitter  or  the 
coating.  To  insure  that  the  beamsplitter  had  not  been 
damaged  by  this  long  storage,  several  tests  were  performed 
on  it  before  it  was  mounted.  Special  care  was  taken  in  the 
design  and  fabrication  of  the  mount  for  the  KBr 
beamsplitter,  since  even  a  small  amount  of  stress  on  the 
beamsplitter  would  have  distorted  it.  As  the  mount  was 
being  tightened  on  the  beamsplitter,  the  flatness  of  the 
beamsplitter  was  monitored  to  insure  that  it  was  not  being 
stressed . 

Since  the  input  and  output  beams  for  the  AFGL  High 
Resolution  Interferometer  are  physically  displaced  it  is 
not  necessary  to  use  two  KBr  plates,  one  for  the 
beamsplitter  and  the  other  for  the  compensator.  Instead  a 


single  KBr  plate  with  coatings  covering  part  of  each  face 
of  the  plate  is  used  (Figure  9).  The  energy  coming  into 
the  interferometer  is  split  into  the  two  components  using 
the  coating  on  the  front  of  the  KBr  plate  and  then 
recombined  at  the  coating  on  the  back  surface  of  the  KBr 
plate.  The  germanium  coatings  on  each  face  of  the  KBr 
plate  consist  of  two  separate  regions  of  coating,  a  heavier 
germanium  coating  for  the  infrared  signal  and  a  lighter 
germanium  coating  for  the  visible  reference  laser.  The 
pattern  of  coatings  for  the  beamsplitter  is  given  in  Figure  17. 

The  flatness  of  the  beamsplitter  was  tested  by  placing 
an  optical  flat  in  contact  with  the  beamsplitter  and  then 
observing  the  fringes  produced  from  a  helium  lamp.  The 
beamsplitter  was  flat  to  within  two  fringes  (1/10  fringe  at 
10ym),  except  for  three  areas  near  the  edge  where  the 
nonflatness  was  greater  than  10  waves.  These  areas  appear 
to  have  been  damaged  by  a  previous  mounting  of  the 
beamsplitter,  possibly  when  the  beamsplitter  was  being 
fabricated.  It  was  possible  to  orient  the  beamsplitter  in 
the  mount  so  that  these  damaged  areas  of  the  beamsplitter 
would  not  be  used. 

The  optical  properties  of  the  beamsplitter  were 
verified  by  measuring  the  transmission  and  reflectance  of 
the  beamsplitter.  Spectral  traces  (Figure  18)  were 
obtained  from  regions  of  the  beamsplitter  with  both  types 
of  coating,  the  light  coating  used  for  the  reference  laser 
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Figure  18. 


Transmission  and  reflection  of  the 
beamsplitter  for  a)  the  heavy  coating  used 
for  the  infrared,  and  b)  the  lighter  coating 
used  for  the  laser  reference. 
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and  the  heavy  coating  used  for  the  infrared  signal.  The 
spectral  traces  were  measured  by  Fred  Volz  on  a  Perkin- 
Elmer  180  spectrometer.  Due  to  the  configuration  of  his 
optical  setup,  the  transmission  measurement  was  performed 
at  normal  incidence  and  the  reflection  measurement  at  10° 
incidence.  Since  the  beamsplitter  was  to  be  used  at  an 
angle  of  30°,  these  measurements  could  not  be  used  directly 
to  determine  the  expected  efficiency  of  the  interferometer, 
but  they  did  show  there  were  no  major  problems  with  the 
beamsplitter . 

A  diagram  of  the  mount  that  was  used  for  the  KBr 
beamsplitter  is  given  in  Figure  19.  The  beamsplitter  is 
held  by  spring  pressure  against  three  pads.  The  tension  in 
the  springs  was  adjusted  such  that  the  pressure  from  the 
pads  on  the  beamsplitter  was  20  psi  (well  below  KBr's 
elastic  limit  of  approximately  1 60  psi).  Additional  radial 
support  for  the  beamsplitter  was  provided  at  three 
locations  by  using  a  nylon  screw  to  hold  a  support  against 
the  edge  of  the  beamsplitter  at  each  of  the  three 
locations.  If  no  precautions  were  taken,  even  the  small 
excursions  of  temperature  expected  in  a  laboratory 
environment  would  cause  sufficient  differential  expansion 
between  the  aluminum  mount  and  the  KBr  substrate  to  stress 
the  KBr.  To  minimize  this  problem,  instead  of  mounting  the 
KBr  beamsplitter  directly  against  the  three  mounting  pads, 
two  plastic  shims  were  placed  between  each  pad  and  the 
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beamsplitter.  The  differential  expansion  between  the 
beamsplitter  and  the  mount  is  compensated  by  these  plastic 
shims  slipping  past  each  other. 

To  insure  that  the  mounting  process  was  not  distorting 
the  beamsplitter  as  the  mounts  were  being  tightened,  an 
optical  flat  was  placed  in  contact  with  the  beamsplitter 
and  the  fringes  observed  as  the  loading  on  the  beamsplitter 
was  slowly  applied. 

The  Detectors .  Copper  doped  germanium  detectors  were  used, 
because  of  their  high  detectivity  over  a  broad  spectral 
range,  to  extend  the  wavelength  coverage  of  the 
interferometer.  A  disadvantage  of  Cu:Ge  detectors  is  that 
they  will  not  operate  at  liquid  nitrogen  temperatures,  but 
must  instead  be  operated  at  liquid  helium  temperatures. 

Not  only  is  liquid  helium  much  more  expensive  than  liquid 
nitrogen,  it  is  also  much  more  difficult  to  work  with, 
partly  due  to  the  colder  temperatures  involved,  and  partly 
due  to  the  low  heat  of  vaporization  of  liquid  helium.  The 
AFGL  High  Resolution  Interferometer  uses  two  detectors 
instead  of  the  more  conventional  single  detector.  In  the 
upgraded  interferometer  both  detectors  were  placed  in  a 
single  liquid  helium  dewar.  By  placing  both  detectors  in  a 
single  liquid  helium  dewar  the  complexity  of  filling  and 
maintaining  two  dewars  was  avoided.  Having  a  single  dewar 
also  reduces  the  quantity  of  liquid  helium  consumed.  In 


addition,  having  both  detectors  in  the  same  dewar  helps 
keep  the  environmental  conditions  for  the  two  detectors 
matched,  so  that  proper  common  mode  rejection  can  take 
place.  It  was  however  necessary  to  reroute  the  optical 
beams  of  the  interferometer.  The  new  optical  configuration 
is  shown  in  Figure  20. 

The  size  of  the  detectors  and  the  way  they  were 
mounted  simplifies  future  modifications  to  the 
interferometer.  The  0.5  mm  diameter  detectors  are  mounted 
behind  interchangeable  cold  stops.  Provisions  were  also 
made  for  cold  filters  in  front  of  the  detectors.  The  cold 
stops  and  cold  filters  are  used  to  minimize  photon  noise. 

At  present,  the  cold  stops  are  set  at  7.2°  full  angle  and  no 
cold  filters  are  being  used.  The  cold  stop  angle  was  set 
at  7.2°  since  the  interferometer  is  currently  operating 
with  f/8  collection  optics.  The  0.5  mm  diameter  detectors 
are  smaller  than  needed  for  f/8  collection  optics,  but  will 
be  well  suited  for  future  reductions  in  the  f-number  of  the 
interferometer  collection  optics. 

The  Cu:Ge  detectors  were  obtained  from  SBRC  (The  Santa 
Barbara  Research  Center).  The  detectors  were  tested  at 
SBRC  by  illuminating  them  with  a  calibrated  blackbody 
source.  The  results  and  conditions  of  the  test  are 
summarized  in  Table  5. 

The  preamplifiers  that  were  used  to  amplify  the  signal 
from  the  detectors  incorporated  low  noise  FET-input  op-amps 
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rigure  20.  Optical  layout  with  KBr  beamsplitter  and  copper  doped  germanium 
detectors. 
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Table  5.  Copper  doped  germanium  detector  test  specifications 
and  detector  performance. 


TEST  SPECIFICATIONS 

_  p 

Filtering:  KRS-5  window  Irradiance:  1.26  pw-cm 

Blackbody  Temperature:  500°K  Bandwidth:  10Hz 

Chopping  Frequency:  400Hz  Load  Resistance:  2.5  megohms 

Operating  Temperature:  10°K  Amplifier:  G-100 

Background:  8  x  10  3  ph  cm  s 


DETECTOR  INFORMATION 

Detector  Number 
E278-1  E278-2 

units 

Detector  Diameter: 

0.5 

0.5 

mm 

Spectral  Response: 

2-27 

2-27 

pm 

Detector  Resistance: 

18 

15 

megohms 

Signal : 

59 

63 

10~3  volts 

Noise : 

0.9 

1  .0 

10  14  volts 

Signal-to-Noise  Ratio: 

656 

630 

NEP  (A): 

6.2 

6.21 

10-13  WHz'1/2 

D*  (A  pk): 

7.42 

7.13 

1010  cm  Hz1/2 

Responsivity ^  (in  circuit) 

:  2.4 

2.4 

A/W 

Xpk: 

25 

25 

pm 

Applied  Voltage: 

45 

60 

volts 

used  in  the  transimpedance  mode.  After  the  detector 
signals  have  been  amplified  the  signals  are  filtered.  A 
schematic  of  the  design  used  for  the  preamplifiers  and 
filters  is  given  in  Figure  21.  The  bandwidth  of  the  signal 
was  left  at  a  relatively  high  10  khz,  since  further 
filtering  is  done  digitally.  The  rest  of  the  signal 
processing  is  identical  to  that  used  with  the  Au:Ge 
detectors  and  was  described  previously  (see  Figure  14). 

The  requirements  on  the  liquid  helium  dewar  were  that 
it  have  at  least  a  24  hour  hold  time,  and  that  it  could  be 
filled  without  opening  the  interferometer  enclosure.  A 
print  of  the  dewar,  which  was  custom  manufactured  by  Kadel 
Engineering  Corp.,  is  given  in  Figure  22.  The  21  liter 
liquid  helium  dewar  has  a  hold  time  of  approximately  30 
hours.  A  liquid  helium  dewar  must  be  much  larger  than  a 
nitrogen  dewar  to  obtain  the  same  hold  time,  even  though 
the  thermal  resistance  of  helium  dewars  is  typically  higher 
than  liquid  nitrogen  dewars.  When  the  Kadel  dewar  is 
filled  with  liquid  nitrogen,  it  has  a  hold  time  of  about  30 
days.  To  make  it  possible  to  fill  the  liquid  helium  dewar 
without  opening  up  the  interferometer,  transfer  lines 
leading  from  the  dewar  to  the  outside  of  the  interferometer 
enclosure  were  necessary.  These  transfer  lines  are  six 
feet  long.  The  heat  loss  through  these  long  transfer  lines 
is  not  excessive,  since  during  normal  operation  of  the 


interferometer  a  vacuum  is  maintained  in  the  interferometer 
enclosure . 

The  most  troubling  problem  that  we  have  experienced  in 

connection  with  the  liquid  helium  dewar  was  acoustic 

oscillations  in  the  transfer  lines.  These  vibrations  were 

a  problem  both  during  the  filling  process  and  during  the 

entire  time  that  the  dewar  contained  liquid  helium. 

Acoustic  oscillations  in  tubes  connected  with  a  liquid 

in 

helium  dewar  are  called  Taconis  vibrations.  These 
oscillations  are  standing  waves  in  the  tubes  driven  by 
large  temperature  gradients.  Since  they  transfer  heat  from 
the  warm  outside  into  the  cold  dewar,  they  decrease  the 
hold  time  of  the  liquid  helium  dewar.  These  vibrations 
are  most  intense  when  a  tube  that  is  closed  on  the  room 
temperature  end  opens  into  a  liquid  helium  dewar  and  there 

is  a  large  temperature  gradient  at  the  midpoint  of  the 
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tube.  It  should  be  possible  to  minimize  these 
oscillations  by  making  the  transfer  tube  a  less  effective 
resonator  or  decreasing  the  temperature  gradient  of  the 
tube.  During  the  filling  process  it  was  found  helpful  not 
to  vent  the  helium  directly  to  the  atmosphere,  but  instead 
vent  the  helium  through  a  length  of  tubing  packed  with 
steel  wool.  During  the  time  when  the  dewar  was  holding 
helium  it  was  found  that  placing  low  pressure  check  valves 
on  both  the  fill  and  vent  lines  was  effective  in  dampening 


out  vibrations. 


Testing  the  Modified  Interferometer .  After  overcoming  a 
few  problems,  the  interferometer  was  used  to  take 
preliminary  data.  The  most  troubling  problem  was  with  the 
germanium  coating  on  the  portion  of  the  beamsplitter  used 
for  the  laser  reference  beam.  A  workable  solution  to  this 
problem  was  arrived  at  by  modifying  the  laser  detector 
electronics.  There  was  also  a  problem  due  to  channel 
spectrum  caused  by  the  ZnSe  windows  on  the  dewar.  The 
channel  spectrum  was  removed  by  replacing  the  flat  windows 
with  wedged  windows. 

The  problem  with  the  portion  of  the  beamsplitter  used 
for  the  laser  reference  beam  arose  because  of  the  high 
absorption  of  visible  light  by  germanium.  The  problem  was 
not  with  insufficient  energy  transmitted  through  the 
beamsplitter,  since  the  coating  is  very  thin,  but  with  the 
phase  of  the  transmitted  and  reflected  beams.  Since  the 
AFGL  High  Resolution  Interferometer  uses  cat's  eye 
retroref lectors ,  both  output  beams  of  the  interferometer 
are  accessible.  For  a  dielectric  beamsplitter,  the  phase 
of  these  two  output  beams  is  complementary  and  the 
interf erogram  is  taken  as  the  difference  of  the  signals 
from  the  two  detectors.  In  this  subtraction  process,  all 
perturbing  influences  which  affect  both  channels  equally 
are  subtracted  out.  However,  when  a  metallic  beamsplitter 
is  used,  the  signals  from  the  two  detectors  are  in  phase^ 


and  so  cannot  be  subtracted.  Since  germanium  absorbs  so 
strongly  in  the  visible,  the  germanium  coating  acts  almost 
like  a  metallic  coating  resulting  in  the  two  outputs  from 
the  laser  reference  beam  being  nearly  in  phase.  To  get 
around  the  problem,  the  electronics  for  the  laser  reference 
signal  was  modified  to  use  only  one  detector.  A  new 
beamsplitter  that  will  not  use  germanium  for  the  laser 
reference  beam  has  been  ordered,  but  for  the  present, 
modi.  .ig  the  electronics  to  use  only  one  detector  has 
proved  quite  satisfactory. 

The  first  spectra  to  be  taken  with  the  interferometer 
after  the  modification  were  CO.,  broadened  with  N^.  These 
spectra  was  taken  at  moderate  resolution  (maximum  optical  path 
difference  of  8  cm).  An  example  of  one  of  these 
experimental  spectra  is  given  in  Figure  23  for  100  torr  of 
C02  broadened  with  660  torr  of  N2<  It  was  while  doing 
these  C02  measurements  that  the  severity  of  the  channel 
spectrum  due  to  the  ZnSe  detector  windows  was  discovered. 

Most  of  the  small  structure  in  Figure  23  around  620 
wavenumbers  is  due  to  channel  spectrum.  The  flat  ZnSe 
windows  have  since  been  replaced  with  windows  that  are 
wedged  12  arc  minutes.  Future  plans  include  remeasuring 
the  C02  spectrum  using  the  wedged  window. 

Measurements  of  HDO  have  also  been  performed  using  the 
modified  interferometer.  These  measurements  were  made  at 


high  resolution  (maximum  optical  path  of  83  cm)  using  the 
wedged  ZnSe  windows.  The  HDO  is  formed  by  mixing  H^O  and 
D20  and  letting  the  hydrogen  and  deuterium  exchange  to  form 
a  mixture  of  H.,0,  HDO,  and  D20.  The  experimental  spectrum 
in  Figure  24  is  of  a  room  temperature  sample  of  a  mixture 
of  H20,  HDO,  and  D20  in  a  10  cm  long  cell.  In  the  future, 
additional  measurements  will  be  made  at  elevated 


temperatures . 
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CHAPTER  V 
DATA  ANALYSIS 

A  considerable  amount  of  effort  was  required  to  obtain 
molecular  parameters  from  the  raw  interf erogram  data. 
Performing  spectroscopy  using  high  resolution  broadband 
spectral  coverage  inherently  means  a  large  amount  of  data. 
The  interf erograms  for  the  present  work  consisted  of  over  a 
million  data  points  and  the  resulting  spectra  contained 
thousands  of  lines.  The  only  reasonable  way  to  make  use  of 
these  large  quantities  of  data  was  through  the  extensive 
use  of  computers.  The  raw  interferogram  data  were  recorded 
using  a  PDP-8/E  computer  and  all  subsequent  processing  of 
the  data  was  performed  using  a  Control  Data  mainframe 
computer . 

The  block  diagram  of  Figure  25  shows  the  steps  that 
were  necessary  in  obtaining  molecular  parameters  from  the 
raw  interferogram.  The  first  step  in  the  data  analysis  was 
to  perform  the  appropriate  masking  and  shifting  operation 
to  map  the  2k  bit  double  precision  PDP-8/E  words  into  60 
bit  CDC  word3.  Next,  a  phase  correction  was  performed  on 
the  interf erograms  to  correct  incomplete  beamsplitter 
compensation  and  nonsymmetric  sampling  of  the 
interf erograms .  A  numerical  filtering  technique  was 
included  as  part  of  the  phase  correction  process  to 
eliminate  all  frequencies  from  the  interf erograms  with  the 


exception  of  a  region  of  interest.  This  process  typically 
reduced  the  size  of  the  required  Fourier  transformation  by 
a  factor  of  10.  The  filtered  interf erograms ,  consisting  of 
131072  data  points,  were  then  transformed  using  the  FFT 
algorithm.  Even  though  a  large  scale  computer  was  used, 
insufficient  memory  was  available  to  routinely  process  the 
interf erograms  without  the  use  of  a  special  "large  FFT" 
algorithm.  After  the  spectral  recovery  was  completed  by 
applying  the  Fourier  transformation  to  the  data,  the 
position  of  each  spectral  line  was  determined  and  recorded 
on  a  disk  file  for  subsequent  use.  In  addition  to  line 
position,  other  parameters,  such  as  intensities  and  width 
of  spectral  lines,  were  also  determined.  The  next  step  in 
the  data  analysis  was  assigning  the  absorption  features  to 
the  proper  molecular  transitions.  This  step  proved  to  be 
the  most  difficult  and  most  time  consuming  of  the  data 
analysis  process.  The  computer  program  that  assisted  in 
performing  this  step  was  written  to  display  graphically  the 
data  relevant  to  a  given  rotation-vibration  band.  The 
pattern  recognition  capability  of  a  human  operator  was  then 
utilized  to  make  a  tentative  assignment  of  the  observed 
spectral  lines.  A  least-squares-error  fitting  procedure 
was  then  applied  to  the  tentatively  assigned  spectral  lines 
resulting  in  new  molecular  constants.  This  procedure  was 
iterated  until  a  good  fit  was  obtained  for  most  of  the 


observed  lines  of  each  rotation-vibration  band.  The  final 
step  was  a  weighted  least-squares  fit  resulting  in  new 
molecular  constants.  The  major  steps:  phase  correction, 
large  FFT ,  spectral  lines  location,  identification  of 
spectral  lines,  and  weighted  least-squares  fitting  will  be 
considered  in  the  following  sections  of  this  chapter. 

Phase  Correction 

There  are  two  major  causes  of  phase  errors  in 
interf erograms  produced  by  a  Michelson  interferometer,  1) 
nonsymmetrical  sampling  of  the  interf erogram ,  and  2) 
incomplete  beamsplitter  compensation  (see  Chapter  IV). 
Nonsymmetrical  sampling  of  the  interf erogram  gives  rise  to 
a  linear  phase  error  and  incomplete  beamsplitter 
compensation  results  in  a  nonlinear  phase  error.  Both 
linear  and  nonlinear  phase  error  can  be  corrected  by 
convolving  a  correction  function  with  the  interf erogram . 

A  numerical  filter  can  also  be  incorporated  into  the  same 
function  used  for  phase  correction  to  reduce  the  spectral 
coverage  of  the  interf erogram  to  a  region  of  interest.  The 
spectrum  is  then  recovered  from  the  symmetrized  and 
filtered  interf erogram  by  applying  a  cosine  transformation. 

The  interf erogram ,  I’(x),  when  phase  error  is  present 
was  given  in  Chapter  IV  as  Equation  (65).  This  equation 


77nr r 


y  'A  IVW.V.WVVAWA'V, 


Tfr^r 


can  be  rewritten  as 

I’U)  -  J’b(o)  e2,ioS<0>  e'2*l0X  do  .  (66) 

—  00 

where  B(o)  is  the  optical  input  to  the  interferometer,  and 
5(a)  is  the  phase  error.  In  the  case  of  linear  phase 
error,  6(o)  is  simply  a  constant.  Taking  the  Fourier 
transformation  of  both  sides  of  Equation  (66)  yields 

B’(o)  -  e2lrlo6(o)  B  (  o )  .  (67) 

The  Fourier  transform  of  the  uncorrected  interf erogram , 
B*(o),  is  then  the  desired  spectrum  B(o)  multiplied  by  a 
phase  factor.  This  phase  factor  can  be  isolated  from  B'(o) 
by  dividing  by  the  magnitude  of  B'(o),  that  is: 

e2iri  o5  (  o )  _  ..BMoj.  #  (68) 

| B» ( o )  | 

The  desired  spectrum,  B(o),  can  be  recovered  by  multiplying 
the  transform  of  the  uncorrected  interf erogram ,  B’(o),  by 
the  complex  conjugate  of  the  phase  factor.  Multiplying  two 
functions  together  in  the  spectral  domain  is  equivalent  to 
convolving  their  transforms  in  the  interf erogram  domain. 

The  function  4>(x)  with  which  the  original  interf  erogram  is 
convolved  is  then 

*(x)  e2,1°x  d0  .  (69) 
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7899  cm  1 .  It  is  often  advantageous  to  limit  the 
wavenumber  coverage  to  a  much  narrower  region  of  interest. 
Ey  limiting  the  spectral  bandwidth  of  the  measured 
interf erogram  it  is  possible  to  decrease  the  number  of  data 
points  required  to  express  the  interf erogram  and 
consequently  the  size  of  the  Fourier  transformation  needed 
for  a  given  resolution.  Either  an  optical  filter  or  a 
numerical  filter  can  be  used  to  reduce  the  spectral 
bandwidth.  Both  have  their  advantages,  an  optical  filter 
also  reduces  photon  noise,  while  a  numerical  filter  is  much 
more  flexible.  For  this  work,  an  optical  filter  was  used 
to  limit  the  spectral  coverage  to  a  rough  area  of  interest 
which  was  then  refined  with  a  numerical  filter.  The 
function  used  for  numerical  filtering,  f(o),  can  be 
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incorporated  into  the  phase  correction  function  <|>(x)  as 

♦  *(x)  -  l  f(o)  e‘2lTi6(o)  e2irioX  do  .  (70) 

—  00 

Both  phase  correction  and  filtering  are  now  accomplished  by 
convolving  <J>'(x)  with  the  original  interf erogram .  A 
significant  reduction  in  the  size  of  the  Fourier 
transformation  is  obtained  by  this  technique. 

A  typical  raw  interf erogram  for  this  work  consisted  of 
1,150,000  points.  The  phase-corrected  and  filtered 
interferogram  consisted  of  131,072  points  with  a  spectral 
coverage  of  1755  cm  1  to  2633  cm  \  Since  the  numerical 


filter  did  not  provide  an  infinitely  sharp  cutoff,  the 
usable  portion  of  the  spectrum  was  roughly  1800  cm-1  to 


2600  cm 
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Large  FFT 

The  development  of  the  Fast  Fourier  Transform  (FFT) 
algorithm  by  Cooley-Tukey  ,  in  1965,  was  crucial  to  the 
development  of  the  technique  of  Fourier  spectroscopy. 
Without  the  dramatic  increase  in  computation  speed  provided 
by  the  FFT  algorithm,  recovering  the  spectrum  from  an 
interferogram  would  have  remained  impractical.  Even  though 
there  exists  an  extensive  amount  of  published  information 
about  the  FFT  algorithm,  including  computer  programs,  there 
are  very  few  programs  available  to  perform  Fourier 
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transformations  on  data  sizes  larger  than  those  fitting 

into  the  central  memory  of  a  computer.  The  large  FFT 

programs  that  do  exist  are  very  machine-dependent  and 

require  features  which  are  not  supported  by  FORTRAN.  If  an 

in-memory  algorithm  is  used  with  a  virtual  memory  system, 

the  number  of  calls  to  mass  storage  can  be  extremely  large, 

since  data  processed  in  the  FFT  algorithm  can  come  from 

widely  scattered  locations.  The  need  existed  for  a  general 

program  that  would  run  on  a  small  computer  or  run  under  the 

limited  memory  allowed  under  the  time-share  environment  of 

a  large  computer.  The  program  written  to  fill  this  need 

is  nearly  machine  independent.  It  is  an  extension  of  a 

HO 

program  developed  by  Hajime  Sakai.  The  only  nonstandard 
FORTRAN  feature  needed  to  execute  the  program  is  the 
ability  to  access  blocks  of  data  randomly  on  a  mass  storage 
device  under  FORTRAN  control.  This  is  no  problem  on  most 
systems  because  of  the  uniform  block  size  used  in  this 
program.  The  program  is  capable  of  performing  Fourier 
transformations  of  arbitrary  size,  limited  only  by  the  size 
of  mass  storage  available.  The  flexibility  of  the  program, 
which  was  developed  using  the  CDC  Cyber  175  computer  at  the 
University  of  Massachusetts,  was  verified  by  its  successful 
implementation  on  a  PDP-11  minicomputer  with  only  minor 
modifications . 

In  the  large  FFT,  the  set  of  interf erogram  data  points 
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is  divided  into  blocks.  Only  two  of  these  blocks  of  data 
reside  in  the  central  memory  of  the  computer  at  a  given 
time.  The  rest  of  the  blocks  of  data  reside  on  a  random 
access  mass  storage  device.  The  input  data  must  first  be 
sorted  into  a  particular  order,  an  in-memory  FFT  is  then 
applied  to  each  block  of  data,  and  finally  the  data  from 
the  various  blocks  are  combined  to  form  the  Fourier 
transformation  of  the  entire  data  set.  The  manner  in  which 
the  data  are  sorted  into  the  appropriate  blocks  and  the  way 
the  data  from  the  blocks  are  combined  into  the  Fourier 
transformation  of  the  entire  data  set  is  analogous  to  the 
standard  FFT. 

In  the  standard  FFT,  the  input  data  may  be  considered 
as  a  linear  array  of  data  points.  The  output  array  is  also 
an  array  of  the  same  number  of  elements.  The  output  array 
is  obtained  from  the  input  array  by  successive  passes 
through  the  data.  For  each  iteration  two  elements  which 
are  separated  by  a  fixed  offset  are  combined  to  give  two 
elements  of  the  next  iteration.  The  offset  between  the  two 
processed  elements  is  doubled  each  pass.  The  entire 
transformation  is  completed  after  N  log2N  passes  through 
the  data,  where  N  is  the  number  of  data  points. 

In  the  large  FFT  the  sorting  and  combining  operations 
mentioned  above  are  performed  in  an  analogous  way  to  the 
standard  FFT.  In  this  analogy,  blocks  of  data  correspond 
to  the  individual  elements  of  the  standard  FFT  and  an  array 
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of  data  blocks  on  the  mass  storage  device  corresponds  to 
the  linear  array. 

Both  the  FFT  algorithm  and  its  extension,  the  large 

FFT,  are  applied  to  arbitrary  complex  data  sets.  It  is 

inefficient  to  use  a  general  complex  Fourier  transformation 

on  a  phase-corrected  interf erogram  which  is  real  and  even. 

A  real  even  function  can  be  uniquely  expressed  using  of 

the  storage  required  for  an  arbitrary  complex  function, 

since  the  imaginary  part  is  zero  and  the  negative  part  is 

identical  to  the  positive  part.  In  order  to  make  the 

Fourier  transformation  of  the  phase  corrected  interf erogram 

more  efficient,  a  technique  for  transforming  real  even 
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functions  was  used.  The  technique  preprocesses  the 
interf erogram  into  a  new  complex  function  containing  the 
same  number  of  unique  elements  as  the  original  function.  A 
Fourier  transformation  was  performed  on  this  complex 
function,  and  finally  a  postprocessing  step  completes  the 
Fourier  transformation  of  the  phase-corrected  (even  and 
real)  interf erogram . 

Spectral  Line  Positions 

For  this  work  only  the  position  of  spectral  lines  has 
been  reported,  but  a  complete  set  of  parameters  was 
determined  for  each  absorption  feature.  These  additional 
parameters  were  very  useful  in  making  the  line  assignments 
and  in  determining  the  quantity  of  line  merging  present. 


Line  merging  occurs  when  spectral  lines  fall  so  close 
together  that  they  are  not  resolved.  In  order  to  determine 
the  line  positions,  as  well  as  the  other  parameters,  it  was 
necessary  to  interpolate  between  the  discrete  points  which 
resulted  from  the  large  FFT . 

Interpolating  the  Discrete  Spectrum .  A  sine  interpolating 
function  was  used  for  this  interpolation.  The 
interpolation  process  consisted  of  convolving  the  set  of 
discrete  spectra]  points  with  a  sine  function  that  was 
sampled  with  a  spacing  16  times  finer  than  the  spectrum. 
Computationally  this  was  most  easily  done  by  transforming 
to  the  spatial  domain,  adding  zeroes  to  the  interf erogram , 
then  transforming  back  to  the  spectral  domain.  Strictly 
speaking  the  entire  spectrum  should  be  retransformed,  or 
the  zeroes  should  have  been  added  to  the  interf erogram 
before  the  interf erogram  was  originally  transformed. 
However,  in  order  to  facilitate  the  computation,  the 
spectrum  was  broken  up  into  sections.  A  section  of  the 
spectrum  was  transformed  into  the  spatial  domain,  zeroes 
added,  and  then  transformed  back  into  the  spectral  domain. 
This  method  makes  the  size  of  the  transform  required  much 
more  manageable,  while  giving  good  results  except  near  the 
edges  of  each  section  of  spectrum  so  transformed.  To 
minimize  edge  effects,  each  section  of  the  spectrum  was 
overlapped  with  the  next  section  so  that  no  spectral  data 


was  used  within  50  points  of  the  end  of  a  section.  Using 
this  method,  errors  in  the  interpolating  function  do  not 
occur  before  the  interpolating  sine  function  has  dropped  to 
approximately  one  fiftieth  of  its  central  value. 

Determined  Line  Parameters .  In  addition  to  line  positions, 
several  other  line  parameters  were  also  determined.  The 
other  parameters  were:  width,  asymmetry,  intensity, 
transmission  at  the  line  center  position,  and  height  of  each 
absorption  feature.  Since  the  only  purpose  of  these 
additional  parameters  was  to  assist  in  making  line 
assignments  and  to  determine  the  expected  uncertainties  of 
line  positions,  nonstandard  definitions  of  parameters  could 
be  used.  The  definitions  that  were  used  are  described  in 
the  remainder  of  this  section  and  illustrated  in  Figure  26. 

The  line  positions  were  determined  by  3imply  taking 
the  local  minimum  of  the  interpolated  spectrum  as  the  line 
position.  A  more  precise  method  of  determining  line 
positions  would  have  been  used  if  the  random  variations  in 
the  positions  of  experimental  lines  had  been  less.  The 
primary  cause  of  these  random  variation  was  line  merging. 
Nearly  all  of  the  spectral  lines  showed  some  symptoms  of 
line  merging.  Line  merging  would  have  been  only  slightly 
reduced  if  the  resolution  of  the  interferometer  was 
infinite,  since  the  resolution  of  the  spectrometer  is 
approaching  the  Doppler  limited  resolution. 
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The  line  asymmetry  was  determined  by  using  an 
alternative  method  for  finding  the  line  position  and 
comparing  the  results  to  the  local  minimum  method.  This 
second  method  of  finding  the  line  position  used  the  center 
of  a  chord  drawn  across  the  absorption  line  a  small 
distance  up  from  the  minimum  as  the  line  center.  For 
symmetric  lines,  the  center  of  this  chord  coincides  with 
the  line  position  found  from  the  local  minimum  method. 

This  chord  drawn  across  the  absorption  line  was  also  used 
to  determine  the  line  width,  since  the  line  width  is 
proportional  to  the  length  of  the  chord. 

Due  to  the  existence  of  thermal  gradients  in  the 

absorption  cell,  no  attempt  to  make  a  careful  measurement 

of  line  intensities  was  made.  However,  approximate  line 

intensities  were  found  to  be  very  helpful  in  the  band 

identification  process.  In  order  for  the  line  intensities 

to  be  obtained,  an  estimate  of  the  background  was 

necessary.  A  simple  linearly  sloping  background  obtained 

from  a  visual  inspection  of  the  spectrum  was  used  for  the 
12  1  6 

^•3  um  C  02  data.  For  the  other  experimental  spectra 
the  background  was  determined  by  measuring  the  spectrum  of 
the  high  temperature  absorbtion  cell  with  no  gas  in  the 
cell.  This  empty  cell  spectrum  was  smoothed  using  a  13 
point  running  average  before  it  was  used  as  the  background 
The  line  intensity  was  considered  to  be  the  area  between 


the  spectral  trace  and  the  background  (the  shaded  area  of 
Figure  26).  The  area  was  obtained  using  Simpson's  rule  to 
integrate  from  the  point  (a)  on  the  left  side  of  the 
spectral  line  where  the  slope  was  zero  to  the  corresponding 
point  (b)  on  the  right-hand  side.  Any  line  that  had  an 
intensity  below  a  predetermined  minimum  value  was 
considered  to  be  noise  and  was  dropped.  The  height  of  the 
absorption  feature  was  taken  to  be  the  difference  between 
the  absorptance  at  the  line  center  and  the  absorptance  at 
point  (a)  or  point  (b),  whichever  was  the  minimum. 

After  parameters  for  each  line  had  been  determined, 
they  were  stored  on  a  random  access  disk  file.  Since  the 
identification  and  fitting  programs  required  a  number  of 
iterations,  reading  the  spectral  line  data  from  a  random 
access  disk  file  resulted  in  considerable  saving  in 
computer  time  and  increased  convenience  over  what  would 
have  been  possible,  if  the  identification  and  fitting 
programs  would  have  read  and  interpolated  the  spectrum 
directly . 


Assignment  of  Spectral  Lines 
Probably  the  most  difficult  aspect  of  the  work  on  high 
temperature  C02  was  assigning  the  correct  rotation- 


vibration  transitions  to  each  absorption  feature  in  the 
experimental  spectrum,  but  through  the  use  of  computer- 
aided  Jentif ication  techniques,  over  10000  lines  belonging 


to  73  different  rotation-vi bration  bands  were  identified. 


The  degree  of  difficulty  involved  in  identification  of 
lines  belonging  to  a  particular  rotation-vibration  band 
depended  on  the  amount  of  overlapping  of  bands  and  on  how 
well  the  molecular  constant  for  each  band  could  be 
estimated  from  previous  work.  It  was  very  easy  to  make  the 
identification  when  the  line  density  was  low,  since  the 
lines  of  a  band  of  a  linear  molecule  such  as  CO.-,  form  a  set 
of  lines  of  nearly  equal  spacing.  As  the  C02  temperature 
increased,  the  appearance  of  the  spectrum  became  very 
complicated.  High  temperature  greatly  increased  the 
problems  due  to  line  merging  and  fragmentary  hot  bands. 

The  appearance  of  the  experimental  spectrum  is 

demonstrated  in  Figures  27  through  30.  These  figures  show 

portions  of  the  spectrum  where  overlapping  of  bands  is  not 

a  problem,  a3  well  as  regions  of  the  spectrum  where 

overlapping  of  bands  is  very  serious.  The  band  head  at  the 

high  frequency  end  of  the  R  branch  of  the  fundamental  of 
12  1  6 

C  O2  is  clearly  visible  in  Figure  27.  The  high 
frequency  end  of  the  R  branch  of  the  transition  01111  ♦ 

•lO  1  dT 

01101  originating  from  the  next  excited  state  of  Ug 

is  also  quite  easily  seen  (Figure  28),  since  it  is  only 
overlapped  by  one  band,  the  fundamental.  However,  lines 
belonging  to  transitions  originating  from  higher 
vibrational  bands  are  so  overlapped  that  they  are  difficult 
to  identify  (Figure  29).  Figure  30  illustrates  how  complex 
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branch  of  the  01111 


the  high  temperature  C02  spectrum  can  appear  even  though 
each  band  is  still  composed  of  a  set  of  lines  with  nearly 
equal  spacing. 

Lines  Visible  in  High  Temperature  Spectrum .  Due  to  the 
many  problems  associated  with  identifying  fragmentary 
bands,  little  effort  was  expended  in  attempting  to  identify 
lines  belonging  to  extremely  highly  excited  vibrational 
states.  As  the  temperature  of  C02  is  increased,  there  is 
an  ever  increasing  density  of  excited  vibrational  energy 
levels.  Bands  originating  from  very  high  vibrational 
energy  levels  yield  a  low  number  of  lines  that  are  intense 
enough  to  be  visible.  The  result  is  a  large  number  of 
bands  with  so  few  lines  visible  that  identification  is 
extremely  difficult  and  subject  to  misidentif ication .  An 
additional  problem  in  identifying  these  bands  is  that  the 
intensity  is  not  sufficiently  strong  to  see  the  distinctive 
pattern  of  lines  formed  at  the  band  center.  However,  lines 
from  these  unidentified  bands  complicated  the 
identification  of  the  other  bands. 

Insight  into  how  the  number  of  lines  visible  in  an 
experimental  spectra  change  with  temperature  is  gained  by 
considering  the  4.3  pm  bands  of  C  02<  Assume  that  the 
transition  probabilities  for  all  these  Av^  -  1  bands  are 
equal  except  for  the  Boltzmann  factor.  This  approximation 
is  reasonably  good  since  the  changes  in  intensity  due  to 
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where  the  range  of  J  values  is  low. 

A  high  temperature  absorption  cell  is  very  effective 
for  making  measurements  on  high  rotational  states  of  a 
molecule,  but  for  studying  high  vibrational  bands  an 
electrical  discharge  gas  cell  or  some  other  non-thermal 
equilibrium  technique  is  probably  better.  In  an  electric 
discharge,  the  effective  vibrational  temperature  is  very 
high,  while  the  rotational  temperature  remains  at 
approximately  room  temperature.  In  an  electric  discharge 
the  range  of  J  values  in  the  spectrum  of  a  "hot"  band  is 
approximately  the  same  as  for  the  fundamental.  Referring 
to  Figure  31 ,  the  range  of  lines  visible  for  the 
fundamental  at  room  temperature  is  about  J  -  0  to  J  =  82. 
Roughly  the  same  range  of  lines  will  be  visible  in  a  hot 
cell  heated  to  800  K  if  the  lower  state  vibrational  energy 
is  about  3500  cm  1 .  Since  a  800  K  hot  cell  loses  its 
advantage  for  lower  state  energies  above  about  3500  cm-1  , 
it  was  not  considered  worth  putting  much  effort  into 
identifying  bands  with  a  lower  state  energy  above 
3500  cm  1 .  For  this  work,  the  highest  vibrational  state 
identified  had  a  lower  state  energy  of  3659  cm-1. 

Philosophy  of  Identification  Programs .  The  programs  that 
accomplished  line  identification  and  fitting  were  made 
interactive  in  an  attempt  to  minimize  the  total  overall 
effort  involved  with  the  identification  process.  Doing  the 
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identification  totally  by  hand  seems  nearly  impossible  when 
one  realizes  the  amount  of  data  involved.  The  Av^  =  1 

spectral  region  stretches  from  about  2100  cm-1  to 
2400  cm  1 .  If  this  region  was  plotted  with  sufficient 
resolution  that  line  positions  could  be  obtained  from  the 
plot,  to  the  accuracy  of  the  experimental  data  (about 
0.0004  cm  ^),  the  plot  would  be  310  feet  long  and  consist 
of  over  5000  distinct  absorption  features.  This  is 
assuming  a  plotting  accuracy  of  0.005  inches;  if  the 
accuracy  of  the  plotter  was  less,  the  plot  would  have  to  be 
even  longer.  On  the  other  hand,  to  make  a  program  that 
could  handle  the  intricacies  of  the  total  identification 
process  would  also  be  extremely  difficult.  The  challenge 
was  to  use  the  computer  to  gather  and  store  information  on 
thousands  of  lines  and  present  small  amounts  of  that  data 
in  such  a  way  that  it  could  be  meaningfully  considered  by 
the  operator.  The  programs  written  to  meet  thi3  challenge 
consisted  of  several  steps  with  a  large  amount  of  operator 
interaction  throughout.  An  attempt  was  made  to  make  use  of 
the  inherent  ability  of  a  human  operator  to  do  pattern 
recognition  and  make  subjective  judgments,  while  minimizing 
operator  confusion  by  having  the  computer  sort  through 
large  amounts  of  data  and  present  only  that  data  which 
might  be  directly  relevant. 


Loomis-Wood  Diagram .  A  Loomis-Wood  diagram  proved 
extremely  helpful  in  picking  out  the  lines  that  belong  to 
one  band  in  the  presence  of  lines  belonging  to  other  bands 


and  lines  belonging  to  other  isotopes  of  C02 .  The  original 

45 

Loomis-Wood  procedure  relies  on  the  assumption  that  lines 
comprising  a  band  are  nearly  equally  spaced.  If  no  prior 
knowledge  is  known  about  the  band  the  line  spacing  can 
usually  be  obtained  from  observing  a  series  of  a  few  lines 
that  appear  to  form  the  band.  This  uniform  line  spacing 
assumption  is  used  to  calculate  the  position  of  all  lines 
in  the  band.  For  each  line  in  the  band,  the  difference 
between  the  calculated  position  and  the  close-by 
experimental  lines  is  plotted.  If  the  spacing  between  the 
experimental  lines  exactly  matches  the  spacing  used  to 
calculate  line  positions,  the  resulting  pattern  will  be  a 
vertical  line  in  the  center  of  the  diagram.  Deviation  from 
equal  spacing  results  in  curvature  of  the  displayed 
pattern.  Lines  belonging  to  other  bands  cross  the  diagram 
at  such  a  high  angle  they  do  not  usually  form  a 
recognizable  pattern.  An  example  of  a  Loomis-Wood  diagram 
with  a  line  spacing  of  1.56  cm  1  for  a  hypothetical  band  of 
C02  is  given  in  Figure  33-  Listed  at  the  left  of  the 
diagram  are  the  position  and  the  identity  of  each 
calculated  line. 

The  Loomis-Wood  procedure  used  in  this  work  contained 
several  extensions  to  the  usual  Loomis-Wood  procedure. 
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Figure  33- 
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Loomis-Wood  diagram  for  a  hypothetical  band  of 

co2 
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Since  some  prior  knowledge  about  the  spectroscopic 
constants  for  each  band  of  C02  was  known  either  from  theory 
or  from  other  experimental  measurements,  it  was  not 
necessary  to  assume  equally  spaced  lines.  This  knowledge 
of  the  approximate  spectroscopic  constants  could  be  used  to 
narrow  the  search  to  a  small  region  around  each  calculated 
line  position.  Using  a  computer  to  implement  the  procedure 
made  readily  possible  inclusion  of  a  great  deal  of 
information  on  each  line.  For  example,  lines  that  had 
already  been  identified  were  indicated  by  a  one-character 
identifier  code  (Table  6).  If  more  than  one  line  had 
already  been  associated  with  a  single  absorption  feature, 
the  line  was  indicated  as  being  merged  by  a  "M".  An 
asterisk  signified  that  the  line  had  not  yet  been 

identified.  In  the  diagrams,  the  width  of  each  line  is 
indicated  by  the  number  of  adjacent  symbols.  For  example 
"MMMM"  indicates  a  merged  line  of  twice  the  width  of  an 
unknown  line  The  width  of  each  line  gives  an 

estimate  of  the  quality  of  the  position  measurement  for 
that  line.  Wide  lines  are  either  saturated,  making  the 
peak  position  determination  sensitive  to  noise,  or  merged 
with  some  other  line. 

Figures  3*1-36  give  the  extended  information  Loomis- 

IP  1  £ 

Wood  diagrams  for  several  bands  of  C  02.  In  each  case 
the  total  wavenumber  spread  across  the  diagram  is  0.2  cm-1. 
If  an  experimental  line  is  0.1  cm-1  lower  in  frequency  than 
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Table  6. 


One  character  identification  codes  used  . ~ 
to  identify  rotation-vibration  bands  of  T  °02. 


Band 

Identification  code 

0001  1 

4- 

00001 

A 

01111 

4- 

01  1  01 

B 

1  001  2 

4> 

10002 

C 

0221  1 

4- 

02201 

D 

1  001  1 

4> 

10001 

E 

11112 

4- 

11102 

F 

0331  1 

4- 

03301 

G 

11111 

4- 

11101 

H 

2001  3 

4- 

20003 

J 

0441  1 

4- 

04401 

L 

2001  2 

4- 

20002 

N 

00021 

4- 

0001  1 

P 

2001  1 

4- 

20001 

Q 

1  221  1 

4- 

12201 

0 

01121 

4- 

01111 

Y 

10022 

4- 

10012 

3 

02221 

4- 

0221  1 

4 

0551  1 

4- 

05501 

5 

13311 

4- 

1  3301 

6 

1  331  2 

4- 

1  3302 

7 
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the  calculated  wavenumber  value,  it  will  fall  at  the  far 
left  of  the  diagram;  if  the  line  is  0.1  cm  1  higher  than 
the  calculated  value,  it  will  fall  on  the  far  right. 

Data  Table .  Another  useful  tool  in  making  line  assignments 
was  a  table  giving  detailed  information  on  the  closest 
experimental  line  to  each  calculated  line  position.  Table 
7  is  an  example  of  a  data  tables  for  the  0221  1e  <-  02201e 
band  of  12Cl602. 


The  first  column  gives  the  observed  line 


2349.9176 

2351.4477 

2352.9531 

2354.4338 

2355.8899 

2357.3212 

2358.7277 


R  0  CCC  MMMDDDDDD  MMM  *** 

r  2  ***  *******»********aAAAAAAAAA  **  MMM 

R  4GGGGGGGGGGGGGG  MMMM  ****** 

R  6  ***  AAAAAAAAAAAAAAAAAAGGGGGGGGGGGGG  HHH  *»»** 

R  8  HH  MMMMMMMMMMMMMMMMMMPPPPPPPPPPPPPPP*****  DD 

R  10BBB  *****  MMMMMMM  *****  MMM 

R  12  **  DDDDDDDDDDD** ******** AAA A AAAA AAA AAAAAAAAAAAA A AAA 


2 360.1095 
2361.4664 

R 

14 
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R 

1 6***************************MMMMMMMMMMMMMMM 

MMM 

2362.7985 

R 

18  ************  MMMMMM  BBB 
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R 

20 

### 

MMMM 

PP 

2365.3882 

R 

2  2  MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM  DDDDDDDDDD 

BBB 

2366.6457 

R 

24AAAAAAAAAAAAAAAAAAAAAAAAAAAAADDDDDDDDDDDDD 

CCCC 

2367.8782 

R 

26DD 

MMMMMM MMMMMMMMMMM****** ****** ************ 

2369.0858 

R 

28 

DD 

**** AAAAAAAAAAAA AAAA AAAAAAAAAAAAAA 

2370.2684 

R 

30 

MMMMM 

2371 .4260 

R 

32DDDDDDDDDDDDDDDDDDDDDDDDDDD  MMMM 

2372.5586 

R 

3H#*# 

EEEEEEEEEEEEMMMMMMMMM 

BB 

2373.6661 

2374.7486 

R 

R 

38* 

AAAAA 

AAAAA 

2375.8060 

R 

40 

AAAAA 

2376.8382 

R 

42 

AAAA 

###### 

2377.8454 

2378.8273 

R 

44 

AAAA 

R 

46 

MMMM 

2379.7841 

2380.7157 

R 

48  BB 
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Figure  3^.  Part  of  the  extended  information  Loomis-Wood 

diagram  for  the  00011  *  00001  band  of  12Cl60o. 
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Figure  35.  Extended  information  Loomis-Wood  diagram  for 
the  0221 1 e  *  02201e  band  of  12C160-. 
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Extended  information  Loomis-Wood  diagram  for 
the  13312  <-  1  3302  band  of  1?Cl60o. 
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position.  Each  line  is  then  identified  by  its  branch  (P  or 


R),  and  J  quantum  number.  If  an  asterisk  appears  by  the  J 
quantum  number,  the  line  will  be  used  in  the  least-squares 
fit.  In  the  next  column,  indicated  by  one  character 
identifier  codes  (see  Table  6)  are  all  previously 
identified  bands  that  could  be  contributing  to  the  observed 
absorption  feature.  Next  comes  the  difference  between  the 
observed  and  the  calculated  line  position  (0  -  C), 
approximate  strength,  maximum  absorptance  at  the  line 
center  position,  height  of  the  absorption  feature,  line 
width,  and  finally  the  line  asymmetry.  The  definitions  of 
these  parameters  were  illustrated  in  the  previous  section 
of  this  report.  The  line  positions,  width,  and  asymmetry 
are  given  in  units  of  cm-1  .  The  absorptance  and  line 
height  are  given  in  units  where  1000  represents  an 

absorptance  of  1.  The  intensity  is  given  in  these  units 

_  •  -1 
times  cm 

The  Identification  Procedure  ♦  The  first  step  in  the 
identification  was  to  make  a  Loomis-Wood  diagram  and  a 
table  of  data  for  each  rotation-vibration  band.  Which 
procedure  was  applied  next  depended  on  the  individual 
rotation-vibration  band.  For  well  known  bands,  such  as 
the  00011  «-  00001  band  of  12Cl602  (Figure  3*0,  it  was 
possible  to  make  the  identification  of  the  experimental 
lines  as  simply  the  line  closest  to  the  position  calculated 
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using  existing  spectroscopic  constants.  The  lines  belonging 
to  the  better  know  bands  were  identified  first;  hence,  as 
the  identification  worked  toward  the  more  difficult  bands, 
many  of  the  lines  would  already  have  been  identified.  For 

IP  1  f. 

other  bands,  such  as  the  02211  *  02201  band  of  C  0^ 
(Figure  35),  the  positions  of  lines  for  low  J  have  been 
well  measured,  but  not  for  high  J.  In  these  cases,  the 
line  positions  were  again  calculated  and  the  experimental 
lines  identified,  starting  at  low  J  and  moving  to  higher  J, 
until  there  were  no  lines  close  (within  about  0.01  cm  "*  )  to 
the  calculated  values.  The  band  was  then  refit  and  new 
constants  obtained.  This  process  was  iterated  until  no 
further  extension  to  higher  J  was  possible.  Existing 
molecular  constants  for  some  bands  such  as  the  13312  *■ 

IP  1  f. 

13302  band  of  C  02  (Figure  36),  were  so  inaccurate  that 
identifications  could  not  be  made  by  taking  the 
experimental  line  closest  to  the  calculated  line  position 
even  for  low  J.  For  these  bands  a  different  iterative 
procedure  was  used.  A  Loomis-Wood  diagram  and  a  table  of 
data  were  produced  for  each  attempted  fit.  From  this 
information,  the  operator  determined  possible  alternative 
lines  to  be  used  in  the  next  iteration  of  the  fit.  The 
significance  of  the  various  displayed  information  such  as 
randomness  of  residuals,  patterns  of  the  intensity,  width, 
asymmetry,  and  so  forth  were  considered  subjectively  by  the 
operator.  Although  it  was  sometimes  difficult  to  decide 


which  lines  belonged  in  the  fit  of  a  given  band,  it  was 
generally  possible  to  determine  when  the  proper  lines  had 
finally  been  found,  since  the  quality  of  the  fit  increased 
quite  dramatically.  That  is,  the  resulting  residuals  were 
small  and  randomly  orientated  and  such  parameters  as  line 
intensity  and  width  followed  a  smooth  pattern  over  the 
entire  range  of  J  for  which  the  particular  band  should  have 
been  observable. 

It  would  have  been  possible  to  increase  the  automation 
of  the  identification  process,  but  it  would  have  been  very 
doubtful  if  it  could  have  been  done  without  first 
identifying  most  of  the  bands  by  hand,  due  to  the 
difficulty  of  determining  a  priori  the  significance  of  the 
various  parameters  such  as  randomness  of  residuals,  and  the 
patterns  of  intensity  and  width  for  each  type  of  band. 


Least-Squares  Fit 

After  the  spectral  lines  belonging  to  each  band  were 
identified  in  the  experimental  spectrum,  a  weighted  least- 


squares  fit  was  used  to  obtain  new  molecular  constants. 


Although  over  10000  lines  were  identified  in  the 
experimental  spectrum,  only  about  8000  were  used  in  the 


least-squares  fits,  due  to  line  merging  problems.  Many  of 
the  remaining  lines  were  slightly  affected  by  the  presence 
of  close-by  spectral  lines.  These  slightly  merged  lines 
were  included  in  the  least-squares  fit,  but  with  reduced 


weighting.  Each  band  was  fit  independently  without  making 
any  attempt  to  combine  the  information  from  the  various 
bands  into  a  single  global  self  consistent  set  of  energy 
levels  for  the  C02  molecule. 

There  were  several  constraints  placed  on  the 
spectroscopic  constants.  These  constraints  depended  on  the 
statistical  significance  of  the  various  constants,  and  on 
the  value  of  the  vibrational  angular  momentum  i .  Each  band 
was  fit  twice,  once  using  H's,  and  once  without.  The 
spectroscopic  constants  H'  and  H"  were  included  in  the 
final  least-squares  fit  only  when  their  inclusion  markedly 
improved  the  quality  of  the  fit  (a  reduction  in  the  rms 
error  of  more  than  20%)  and  the  uncertainties  in  H  were 
smaller  than  the  value  of  H  for  both  the  upper  and  the 
lower  states.  Occasionally,  an  exception  was  made  for 
bands  where  l-type  doubling  was  present  (bands  where 
l  >  0 ) .  For  example,  if  the  e  levels  indicated  the  need 
of  an  H  and  the  f  levels  did  not,  for  consistency  H’s  were 
sometimes  used  for  both  sets  of  levels.  The  two  sets  of 
spectroscopic  constants  that  occur  for  bands  where  i-type 
doubling  occurs  are  not  independent,  as  was  discussed  in 
Chapter  III.  For  these  bands,  several  of  the  spectroscopic 
constants  for  the  e  and  the  f  set  of  levels  were 
constrained  to  be  equal. 

In  order  that  this  weighted  least-squares  fitting 


procedure  could  be  used,  it  was  necessary  that  an  estimate 

of  the  uncertainty  of  each  experimental  line  be  made.  The 

weight  assigned  each  spectral  line  was  the  reciprocal  of 

H6 

the  expected  uncertainty  squared.  The  factors  that  went 
into  calculating  the  expected  uncertainty  of  each  line 
were:  the  random  experimental  noise  in  the  spectrum,  line 
asymmetry,  abnormal  width  of  spectral  lines,  and 
inconsistencies  of  line  positions  compared  to  other  lines 
in  the  same  band.  The  total  uncertainty  for  each  line  was 
defined  as  the  square  root  of  the  sum  of  squares  of  the 
individual  uncertainties. 

The  individual  uncertainties  were  determined  from  the 
experimental  spectra.  An  estimate  of  0.0003  cm-1  for  the 
uncertainty  due  to  random  experimental  noise  was  determined 
by  examining  the  residuals  to  the  fit  of  the  lines  at  the 
high  frequency  end  of  the  fundamental  R  branch.  These 
lines  are  known  to  not  be  merged  with  lines  of  any  other 
band.  In  order  to  estimate  the  uncertainty  due  to 
asymmetry  and  abnormal  line  width,  a  chord  was  drawn  across 
each  absorption  feature  a  small  distance  up  from  the 
bottom.  This  procedure  was  described  in  a  previous  section 
of  this  chapter.  The  uncertainty  due  to  asymmetry  was 
defined  as  being  proportional  to  the  total  amount  of 
asymmetry.  The  uncertainty  due  to  abnormal  width  was 
defined  as  being  proportional  to  the  magnitude  of  the 
measured  width  minus  a  standard  width.  By  looking  at  the 
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distribution  of  the  residuals  to  the  fit  in  Appendix  B,  it 
can  be  seen  that  the  weights  that  were  chosen  are  quite 
good . 

If  it  would  have  seemed  necessary,  a  more  rigorous 
determination  of  the  weighting  of  spectral  lines  could  have 
been  incorporated  into  the  same  basic  framework.  The 
various  proportionality  constants  can  be  thought  of  as  the 
leading  terms  in  a  Taylor  series  expansion  of  the  true 
weighting  function.  One  method  for  obtaining  more  precise 
values  of  these  proportionality  constants  would  be  to 
synthesize  a  large  number  of  line  profiles  with  random 
spacings  and  intensities,  and  then  use  a  least-squares  fit 
to  obtain  the  best  values  for  the  various  constants. 

Higher  order  terms  in  the  Taylor  series  expansion  of  the 
weighting  function  could  have  been  obtained  in  the  same 
manner . 

The  most  noticeable  effect  of  using  a  weight  for  each 
spectral  line  was  to  substantially  reduce  the  uncertainty 
in  the  spectroscopic  constants  as  predicted  by  the  least- 
squares  fitting  program.  However,  the  spectral  line 
positions  calculated  using  the  resulting  constants  were 
found  to  be  quite  insensitive  to  the  values  of  the  weights 
chosen.  This  indicates  that  the  effects  of  line  merging  on 
the  position  of  spectral  lines  were  essentially  random  for 
the  high  temperature  C02  spectra  considered  in  this  study. 


CHAPTER  VI 
RESULTS  AND  DISCUSSION 


The  more  than  8000  lines  which  were  not  seriously 

merged  with  other  spectral  lines,  were  used  to  obtain  new 

molecular  constants  for  50  bands  of  C02  in  the  4.3  ym 

region  and  23  bands  in  the  2.8  urn  region.  The  results  of 

the  present  study,  in  addition  to  being  a  useful  source  of 

information  on  line  positions  of  transitions  originating 

from  highly  excited  rotational  states,  demonstrate  other 

interesting  principles.  Extrapolating  the  position  of  high 

temperature  lines  from  room  temperature  measurements  is  not 

very  effective,  even  when  the  positions  of  the  room 

temperature  lines  are  known  with  a  great  deal  of  precision. 

The  molecular  constants  obtained  from  a  more  theoretical 
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approach  such  as  Chedin  has  done,  while  giving  a  good 
qualitative  fit  to  the  experimental  data,  do  not  predict 
the  position  of  spectral  lines  to  within  the  experimental 
accuracy.  However,  Chedin's  molecular  constants  are  a  big 
help  in  the  identification  of  the  experimental  lines,  since 
they  serve  as  an  excellent  starting  point  from  which  to 
begin  the  search  for  the  lines  of  each  band  in  the 
experimental  spectra.  His  molecular  constants  are 
particularly  helpful  for  those  bands  that  have  not  been 
observed  previously. 

Several  checks  were  made  on  the  data  to  insure  its 


high  quality.  The  wavenumber  calibration  of  the 

interferometer  and  the  correct  functioning  of  the  computer 

program  that  determined  line  positions  were  verified  by 

measuring  the  position  of  some  very  well  know  lines  and 

comparing  the  positions  obtained  to  those  reported  by  other 

workers.  As  a  check  that  the  identification  procedure  was 

working  correctly,  the  new  molecular  constants  determined 
12  16 

for  the  4.3  pm  u  °02  bands  were  used  to  synthesize  an 
artificial  spectrum  which  was  then  compared  point  by  point 
to  the  experimental  spectrum. 

For  the  present  study,  the  spectra  of  three  C02 
samples  having  different  isotopic  composition  were  measured 
using  a  variety  of  different  temperatures  and  pressures. 
Taking  data  under  different  experimental  conditions  assists 
in  the  identification  process  and  maximizes  the  number  of 
spectral  lines  measured  under  optimal  conditions.  The 
isotopic  composition  of  the  three  different  CO^  samples  is 
given  in  Table  8.  A  summary  of  the  experimental  condition 
for  the  different  spectra  is  given  in  Table  9.  Typical 
measurement  times  for  each  spectrum  were  15  hours.  The 
spectra  in  the  ^.3  pm  region  were  taken  at  a  resolution  of 
0.007  cm  1  and  the  spectra  in  the  2.8  pm  region  at  a 
resolution  of  0.006  cm  1  .  When  several  spectra  were  taken 
under  identical  experimental  conditions  the  spectra  were 
coadded  to  improve  the  signal  to  noi3e.  The  line  positions 
and  expected  uncertainties  for  each  line  were  then 
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Table  8.  Isotopic  composition  of  different  C0?  samples 
used  in  this  study. 


Natural  sample: 

12c16o2 

=  0.984 

12C,60180 

=  0.004 

13ci602 

=■  0.011 

,2c,6o’7o 

-  0.001 

C-1  3 

sample : 

13c,6o2 

=  0.880 

12c,602 

=  0.005 

>  W8o 

=  0.106 

,3C160,70 

=  0.004 

0-18 

sample : 

12C160,80 

-  0.465 

12C1602 

=  0.355 

,2c,802 

=  0.167 

determined  as  explained  in  Chapter  V.  The  line  positions 
and  expected  uncertainties  determined  from  the  spectra 
measured  at  different  temperatures  and  pressures  were 
combined  into  a  single  data  set.  Least-squares  fits  to 
obtain  new  molecular  constants  were  then  performed. 

The  calibration  of  the  interferometer  in  the  4.3  ym 
region  was  checked  but  no  wavenumber  correction  was  made 
since  the  indicated  correction  would  have  been  less  than 
0.0001  cm  \  The  check  was  performed  by  observing  lines  of 
the  1  «■  0  band  of  ^2C^o  and  the  fundamental  of  12c"'^02 
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Table  9.  Summary  of  experimental  conditions  for  measured 
spectra . 


Region 
(  mdi) 

Isotopic 

Sample 

Tempgrature 

Pressure  Number  of 

(Torr)  Spectra 

4.3 

Natural 

800 

6 

2 

4.3 

C-1  3 

600 

6 

2 

4.3 

C- 1  3 

800 

3 

2 

4.3 

C-1  3 

800 

6 

2 

4.3 

0-18 

300 

3 

1 

4.3 

0-1  8 

300 

6 

2 

4.3 

0-18 

500 

3 

2 

4.3 

0-18 

800 

3 

2 

4.3 

0-18 

800 

6 

3 

2.8 

0-18 

300 

2 

3 

2.8 

0-18 

600 

3 

3 

2.8 

0-18 

800 

4 

3 

2.8 

0-18 

800 

15 

1 

Total  -  28 

and  comparing  the  measured  line  positions  to  those  reported 

by  other  workers.  The  small  amount  of  CO  that  was  present 

in  the  high  temperature  C02  gas  sample,  possibly  arose  from 

a  catalytic  decomposition  of  the  C02  on  the  walls  of  the 

absorption  cell.  These  CO  lines  have  been  measured  by  G. 
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Guelachvili  with  a  claimed  error  of  less  than 
0.0001  cm  .  Table  10  compares  the  CO  lines  observed  in 
the  present  experimental  spectra  with  those  measured  by 
Guelachvili.  The  measured  CO  lines  are  0.00014  cm-1  higher 
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Table  10. 

Observed  CO 
spectrometer 

lines 

• 

used  to  check 

calibration  of 

J 

P  OBS  0 

-C 

UNC 

R  OBS 

0-C 

UNC 

0 

21 47.081 8 

2 

3 

1 

21 39.4269 

3 

4 

2150.8567 

2 

3 

2 

21 35.5470 

3 

4 

21 54.5964 

3 

5 

3 

21 31 .6323 

2 

3 

2158.3002 

0 

4 

4 

21 27.6833 

4 

5 

2161 .9680 

-7 

9 

5 

21 23.6987 

-6 

9 

2165.6014 

-1 

6 

6 

21 1 9.681 5 

0 

5 

2169.1 985 

1 

6 

7 

21 15.6299 

4 

5 

21 72.7595 

2 

7 

8 

21 1 1 .5437 

2 

4 

2176.2837 

-3 

7 

9 

21 07.4243 

6 

7 

21 79.7724 

0 

4 

1  0 

21 03.2707 

5 

4 

21 83.2242 

-1 

8 

1  1 

2099.0835 

3 

3 

2186.6396 

1 

5 

1  2 

2094.8629 

1 

4 

21 90.01 82 

2 

5 

13 

2090.6092 

0 

4 

2193.3604 

8 

1  0 

1  4 

2086.3225 

1 

3 

2196.6636 

-6 

7 

15 

2082.0023 

-4 

7 

2199.9317 

2 

7 

16 

2077.6507 

5 

4 

2203.1613 

-2 

4 

17 

2073.2652 

1 

4 

2206.3537 

-3 

5 

18 

2068.8479 

5 

4 

2209.5088 

0 

5 

19 

2064.3979 

5 

5 

2212.6258 

0 

5 

20 

2059.9153 

2 

3 

2215.7056 

6 

1  0 

21 

2055.401 3 

5 

5 

221 8.7447 

-13 

13 

22 

2050.8551 

5 

.  4 

2221 .7471 

-1  7 

1  8 

23 

2046.2767 

2 

4 

2224.71 30 

-2 

4 

24 

2041 .6673 

4 

4 

2227.6384 

-7 

8 

25 

2037.0261 

4 

4 

2230.5256 

-8 

6 

26 

2032.3535 

2 

4 

2233.3744 

-4 

5 

27 

2027.6495 

-1 

5 

2236.1 846 

3 

7 

28 

2022.9150 

1 

4 

2238.9551 

4 

9 

29 

201 8. 1 494 

2 

4 

2241 .6842 

-16 

1  5 

30 

201  3  •  353*1 

6 

5 

2244.3785 

1  0 

29 

31 

2008.5259 

1 

4 

2247.0293 

-4 

4 

32 

2003.6684 

0 

5 

2249.6421 

-2 

5 

33 

1 998.781 1 

5 

4 

34 

1 993.8628 

2 

5 

2254.7478 

1 

9 

35 

1 988.91 48 

2 

5 

2257.2383 

-20 

13 

Observed  minus  calculated  values  (0-C)  and_^he 
expected  uncertainties  (UNC)  are  in  units  of  10  cm 


on  the  average  than  the  positions  reported  by  Guelachvili. 
The  only  C02  band  that  has  been  observed  previously  at  both 
high  resolution  and  high  temperature  is  the  fundamental 
of  12C1^02>  A.  Pine  and  G.  Guelachvili11  have  made  a  joint 
measurement  in  which  Pine  used  a  tunable  laser  difference- 
frequency  spectrometer  to  observe  a  C02  sample  heated  to 
985  K  and  combined  his  data  with  a  room  temperature  C02 
spectrum  measured  by  Guelachvili.  The  wavenumber 
calibration  of  this  joint  measurement  was  determined  from 
Guelachvil i * s  data.  The  line  positions  determined  in  the 
present  work  for  this  band  were  0.00017  cm  1  lower  on  the 
average  than  Pine  and  Guelachvil i ' s  reported  values.  The 
rms  line  position  scatter  was  0.0003  cm  1  for  the  CO  lines 
and  0.0005  cm-1  for  the  ^C^Og  lines.  The  scatter  in  the 
positions  of  the  CO  lines  was  less  than  that  of  the  C02 
lines  since  the  CO  lines  were  in  a  region  of  the  spectra 
where  line  merging  was  minimal. 

In  the  2.8  pm  region,  the  experimental  spectra  were 
calibrated  by  adjusting  the  wavenumber  scale  of  the 
experimental  spectra  to  match,  on  the  average,  the 
positions  of  the  low  J  lines  of  the  10011  <■  00001  and  10012 
♦  00001  bands  of  12C1^02  as  reported  in  the  1982  line 
compilation.1^1  These  C02  line  positions  are  also 

indirectly  tied  to  Guelachvili ' s  line  positions. 
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Recent  work  by  other  researchers  has  shown  that 

there  are  systematic  errors  in  the  line  positions  reported 


by  Guelachvili.  His  values  are  0.0002  cm"1  to  0.000*4  cm"1 
too  high.  This  implies  that  the  line  positions  presented 
in  this  report  are  also  too  high  by  the  same  amount.  No 
wavenumber  correction  was  made,  because  the  exact 
correction  was  still  somewhat  unclear,  and  a  correction  on 
the  order  of  0.0003  cm  1  would  have  been  of  questionable 
value,  since  the  line  positions  of  the  present  work  are  not 
accurate  to  more  than  0.000*4  cm  1  due  to  random  noise  in 
the  experimental  spectrum. 

The  19  C  D02  bands  that  were  identified  in  the  *4.3  ym 

region  are  indicated  on  the  energy  level  diagram  of  figure 
12  1  6 

37  and  the  11  T  °02  bands  in  the  2.8  ym  region  on  figure 
38.  There  were  fewer  bands  identified  of  the  other  isotopic 
variants  of  C02,  primarily  due  to  the  increased  difficulty 
in  identifying  these  bands.  A  complete  listing  of  the 
experimental  lines  used  to  obtain  new  molecular  constants 
is  given  in  Appendix  B  along  with  the  expected 
uncertainties  and  the  difference  between  the  observed  line 
positions  and  the  positions  calculated  using  the  new 
molecular  constants.  Information  on  the  least-squares  fit 
for  each  band  is  given  in  Table  11  for  the  *4.3  ym  bands  and 
in  Table  12  for  the  2.8  ym  bands.  This  information 
includes  the  range  of  J  values,  total  number  of  lines,  and 
the  standard  deviation.  The  new  molecular  constants  are 
given  in  Table  13  and  Table  1*4  for  the  *4.3  and  2.8  ym 


bands,  respectively. 
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Figure  37. 


Rotation-vibration  bands  for  which  molecular 
constants  were  obtained  in  the  4.3  pm  region. 
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Rotation-vibration  bands  for  which  molecular 
constants  were  obtained  in  the  2.8  ym  region. 
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Table  12.  Bands  for  which  molecular  constants  were  obtained  in  the 
2.8  pm  region. 
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Coriolis  perturbed  level. 


The  constants  reported  in  Tables  13  and  14  are 

effective  molecular  constants  and  so  should  not  be 

expected  to  accurately  represent  the  internal  structure  of 

the  C02  molecule.  The  purpose  of  these  effective  constants 

is  to  provide  a  means  of  reproducing  within  the 

experimental  accuracy  the  position  of  spectral  lines  over 

the  range  of  J  values  covered  by  the  measurements.  For  the 

C02  molecule  there  are  a  great  many  interactions  between 

different  vibrational  states.  The  effects  of  these 

interactions  are  accounted  for  by  allowing  the  different 

effective  molecular  constants  to  float  freely  in  the  least- 

squares  fit  of  each  band.  Molecular  constants  obtained  in 

this  manner  are  not  self-consistent.  For  example,  the 

molecular  constants  obtained  (see  Table  13)  for  the 

vibrational  state  00011  of  12C1^02  from  the  00011  <-  00001 

band  are  not  consistent  with  those  obtained  from  the  00021  «- 

00011  band.  Molecular  constants  which  are  self-consistent 

and  predict  the  position  of  spectral  lines  with  nearly  the 

accuracy  of  the  experimental  lines  have  also  been 
48 

determined,  but  not  as  part  of  the  present  study. 

12  1  S 

The  02  pressure  in  the  high  temperature 

absorption  cell  was  too  high  for  making  accurate 
measurements  of  low  J  lines  of  the  fundamental,  as  the 
purpose  of  the  present  study  was  to  observe  lines 
originating  from  high  rotation-vibration  states.  Hence 
only  lines  originating  from  states  with  J  >  40  were  used  in 
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the  least-squares  fit  for  this  band.  Notice  that  since  low 

J  lines  were  not  used  in  the  least-squares  fit  for  the 

fundamental  of  u  °02  the  resulting  band  center  was  too 

high  by  0.001 3  cm  ' .  If  the  fundamental  had  not  already 

been  well  measured 1 ^  ^  it  would  have  been  beneficial  to 

12  l6 

make  an  additional  measurement  with  less  C  02  in  the 
high  temperature  absorption  cell. 

There  was  one  band,  the  0551  1  <-  05501  of  12Cl602, 
where  the  P  branch  was  readily  visible,  but  the  R  branch 
was  not  located.  For  C02  there  are  some  bands  such  at  the 
11101  «•  00001  band  where  one  branch  has  a  much  stronger 
intensity  than  the  other  branch.  This  nonsymmetric 
intensity  pattern  would  not  however  be  expected  for  a 
parallel  band  such  as  the  0551  1  <-  05501  band,  unless  some 
unusual  perturbation  was  occurring.  Since  there  is  a 
possibility  that  the  lines  attributed  to  the  P  branch  of 
this  band  are  misidentif  ied ,  the  0551  1  •*-  05501  band  is  not 
included  in  Tables  1 1  as  one  of  the  bands  successfully 
identified.  However,  lines  from  the  P  branch  are  included 
with  the  other  observed  lines  in  Appendix  B. 

There  were  a  considerable  number  of  lines  in  the 
experimental  spectrum  that  were  not  identified.  As  was 
explained  in  Chapter  V,  little  effort  was  expended  in 
attempting  to  identify  bands  having  a  lower  state 
vibrational  energy  greater  than  3500  cm-1  ,  since  the 
resulting  bands  would  have  been  so  fragmentary. 
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n  The  observed  line  positions  for  a  number  of  the  bands 

4 

j  of  the  present  study  are  compared  to  the  line  positions 

|  calculated  using  the  molecular  constants  obtained  by  other 

workers  on  the  residual  plots  of  Figures  39  to  48.  When 

comparing  different  plots,  note  that  the  scale  on  the 

■> 

j  residuals  plots  vary  by  more  than  a  factor  of  ten.  The 

range  of  the  residuals  vary  from  +0.03  cm-1  to  _+  0 . 5  cm-1. 

|  Guelachvili^  has  previously  measured  several  of  these 

* 

G  bands  using  a  room  temperature  gas  sample  with  more 

^  precision  than  the  present  work  for  low  J  lines.  It  is 

P  interesting  to  note  how  poorly  these  constants  predict  the 

position  of  high  J  lines  (Figures  39  to  42).  Notice  the 
[  large  discrepancies  (Figures  39  and  40)  between  the  line 


positions  predicted  using  Guelachvi 1 i  '  s  molecular  constants 
and  the  experimental  line  positions  when  J  >  80  for  the 
01111  +  01101  band  of  1^C1^02»  Guelachvi 1 i  '  s  measurements 
extended  from  about  P(64)  to  R(64).  Also  note  the  10011  + 
10001  band  of  (Figure  42)  where  the  range  of  J’s 

was  P(40)  to  R(44).  These  large  discrepancies  could  not 
have  resulted  from  the  wavenumber  calibration  problems 
present  in  Guelachvil i ' s  data  that  was  mentioned  earlier, 
since  his  calibration  errors  resulted  in  only  a  simple 


offset  to  the  data.  It  appears  to  be  a  general  principle 
that  the  molecular  constants  G  ,  By ,  Dy,  and  Hy  obtained 
using  low  J  lines  do  not  successfully  predict  the  position 
of  high  J  lines. 
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Figure  39.  Comparison  of  measured  line  positions  with  those 
computed  using  Guelachvil i ' s  and  the  AFGL  (1978) 
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12  1 G  10 

For  the  asymmetric  C02  molecules  u  0  °0, 

^C^O^O,  etc.,  each  P  and  R  branch  is  split  into  two 
branches  by  A-type  doubling  when  i  >  0.  The  e  and  f  lines 
are  so  closely  spaced  for  some  values  of  J  they  were  not 
resolved  experimentally.  The  J  dependence  of  this 
splitting  result  in  the  e  and  f  lines  always  being  very 
closely  spaced  near  the  band  origin.  For  some  bands,  the 
difference  between  the  e  and  f  lines  becomes  very  small  at 
locations  in  the  P  and  R  branches  other  than  at  low  J  as 
well.  In  the  01111  ♦  01101  band  of  12Cl6018,  the  e  and  f 
series  cross  at  about  R(65).  Since  Bg  =  for  the  0221  1  «• 
02201  band  of  12Cl60l80,  the  e  and  f  lines  were  not 
resolved  until  about  J  -  60  of  the  P  branch  and  J  =  70  of 
the  R  branch.  Having  merged  lines  adversely  effects  the 
quality  of  the  least-3quares  fits  since  the  effects  of 
line  merging  were  not  modeled.  Unresolved  lines  were 
particularly  a  problem  when  the  spacing  between  component 
lines  of  the  spectral  feature  was  just  slightly  less  than 
the  experimental  resolution. 

The  range  of  rotational  levels  measured  for  the 
12212  «-  02201  band  of  12Cl80l80  did  not  cover  the  wings  of 

the  band  where  the  e  and  f  sublevels  had  sufficient 
separation  to  determine  unique  constants.  In  addition  the 
strong  Coriolis  resonance  of  the  upper  state  with  the  level 
23301  caused  the  unusually  large  higher  order  distortion 
constants  for  this  band  at  3511  cm 


as  given  in  Table  1 M . 


The  constants  for  this  band  are  only  given  to  reproduce  the 

lines  observed  in  the  present  experiment.  Similar  caution 

should  be  exercised  with  the  12212  <-  02201  band  of  12Cl602 

for  which  a  similar  resonance  exists. 

2 

Chedin's  model  using  an  empirically  determined 

potential  function  predicts  the  position  of  spectral  lines 

within  an  accuracy  of  about  0.01  cm  1  for  low  J  lines  for 

most  bands.  This  is  about  25  times  worse  than  the 

experimental  determined  line  positions.  How  much  of  this 

inaccuracy  is  due  to  improper  modeling  of  the  CO,,  molecule 

and  how  much  is  due  to  inconsistencies  in  the  data  used  to 

obtain  the  empirically  determined  potential  function  is 

still  unclear.  However,  Chedin  has  recently  rerun  his 

51 

model  using  improved  experimental  data,  including  a 

12  1  6 

preliminary  version  of  the  C  02  data  presented  in  this 
1  2 

report.  The  improvement  for  the  bands  considered 

in  this  report  was  minimal,  implying  that  his  model 

in  its  present  form  is  approaching  its  limits.  However, 

Chedin's  model  predicts  the  positions  of  spectral  lines 

more  accurately  than  previous  models,  such  as  the  model 

used  to  calculate  (for  lines  that  have  not  been  measured 

experimentally)  the  position  of  spectral  lines  for  the  AFGL 

22 

line  compilation. 

52 

The  AFGL  1978  line  compilation  was  based  on  lower 
temperature  or  lower  resolution  data,  or  both,  than  the 


present  work.  The  AFGL  1980  and  1982  line  compilations 
were  not  compared  with  the  14.3  pm  12C1^02  data  of  the 
present  work,  since  they  incorporated  the  data  here 
presented . 


»  I 


CHAPTER  VII 
CONCLUSION 

By  heating  the  C02  gas  sample  and  using  a  high 
resolution  Fourier  transform  spectrometer  it  has  been 
possible  to  observe  73  bands  of  C02  and  measure  the 
position  of  spectral  lines  with  a  wavenumber  accuracy  of 
0.0004  cm  1  ,  including  lines  originating  from  high 
rotational  energy  levels.  This  represents  an  improvement 
in  the  knowledge  of  the  position  of  spectral  lines,  at 
least  for  the  high  J  lines,  for  all  the  observed  bands 

IP  1  C. 

except  the  fundamental  of  C  02.  The  spectrum  of  high 
temperature  C02  is  so  rich  in  lines  that  the  high 
resolution  of  the  AFGL  two  meter  path  difference 
interferometer  was  needed  to  separate  individual  spectral 
lines  from  the  many  other  overlapping  bands.  The  large 
number  of  overlapping  bands  made  the  identification  of  the 
various  bands  very  difficult.  To  overcome  this  problem  a 
system  of  interactive  computer  programs  was  written 
incorporating,  among  other  features,  an  automated  Loomis- 
Wood  diagram  and  an  iterated  least-squares  fit  to  the  data. 

This  improved  knowledge  of  the  position  of  C02 
spectral  lines  can  be  used  to  further  several  different 
areas  of  research.  Since  the  C02  molecule  is  one  of  the 
most  important  infrared  absorbing  molecules  in  the 
atmosphere  and  plays  a  fundamental  role  in  the  heat  balance 
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of  our  atmosphere,  this  knowledge  of  the  energy  levels  will 
be  important  to  atmospheric  studies.  These  improved 
spectroscopic  constants  will  be  particularly  useful  for 
problems  that  deal  with  high  temperature  CO^.  Data 
obtained  on  spectral  lines  originating  from  high  energy 
levels  and  form  different  isotopic  species  provide 
information  that  is  helpful  in  determining  the  shape  of  the 
CO^  potential  function.  Studies  of  the  C02  molecule  of  a 
more  fundamental  nature  and  studies  of  the  general 
formulation  of  triatomic  theory  will  also  be  benefited  by 
these  very  accurate  high  temperature  measurements  of 
different  isotopic  species  of  C02. 

In  addition  to  the  detailed  information  on  the 
positions  of  spectral  lines,  this  study  demonstrated 
several  more  general  principles.  When  the  molecular 
constants  Gy,  By ,  Dy,  and  Hy  are  determined  band  by  band, 
as  they  were  in  the  present  work,  there  is  a  great  deal  of 
interdependence  among  the  different  constants,  particularly 
between  the  Dy  and  Hy  constants.  Extrapolating  the 
position  of  high  J  lines  from  low  J  lines  can  quickly  lead 
to  large  errors.  The  errors  in  the  predicted  line 
positions  typically  increased  by  an  order  of  magnitude  for 
every  10  J's  of  extrapolation.  Existing  global  models  of 
the  C02  molecule  do  not  predict  the  position  of  spectral 

lines  as  accurately  as  they  can  be  measured  experimentally, 

2 

even  for  low  J  lines.  Chedin's  model  predicted  the 
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position  of  spectral  lines  with  an  accuracy  of  about 
0.01  cm-1  where  the  experimental  accuracy  was  closer  to 
0.0004  cm-1 . 

Recommendations  for  Future  Work .  There  remains  a  great 
deal  of  work  to  be  done  on  the  C02  molecule,  both 
theoretical  and  experimental.  Experimental  measurements 
need  to  be  made  on  additional  rotation-vibration  bands  in 
different  regions  of  the  spectrum,  particularly  in  the  15 
pm  region  where  much  additional  information  is  available. 

It  would  also  be  useful  to  obtain  information  on  still 
higher  rotational  and  vibrational  energy  levels.  This  data 
could  then  be  incorporated  into  a  global  model  of  the  C02 
molecule.  If  a  model  of  C02  that  could  predict  the 
position  of  spectral  lines  within  the  accuracy  of  the 
experimental  spectrum  could  be  developed,  it  would  not  be 
necessary  to  measure  as  many  rotation- vibration  bands,  but 
at  present  the  only  way  to  determine  line  positions 
accurately  is  to  measure  them  experimentally. 
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APPENDIX  A 


High  Temperature  C02  Spectrum 


EXPERIMENTAL  CONDITIONS: 


Temperature : 

Absorption  Path  Length: 
Pressure : 

Isotopic  Composition: 


800  K 
3.5  m 
6  Torr 

Natural  Abundance 


1  . 

A0-A173  898  CARBON  DIOXIDE  LINE  POSITIONS  IN  THE  28  AND  43  MICRON 
REGIONS  AT  899  KELV.  .  <U>  UTAH  STATE  UNIV  BEDFORD  NR 
STEHART  RADIANCE  LAB  M  P  ESPLIN  ET  AL.  19  FEB  86 
UNCLASSIFIED  SCIENTIFIC-16  AFGL-TR-86-B946  F/B  7/4 
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APPENDIX  B 


Lines  Used  in  Least-Squares  Fits 


Observed  line  positions  (Obs)  are  in  cm-1 .  Observed  minus 
calculated  values  (0-C)  and  expected  uncertainties  (Unc) 

-J4  _  i 

are  in  units  of  10  cm  .  Isotope  codes  are: 

626  -  12C160„,  636  -  13C160„,  628  -  12Cl60l80,  etc. 


The  4.3  ym  Bands  Included  in  Line  Listing 


Transition 


Isotope 


Band  Center 

/  -1  X 


Range  of 
Measurement 


0551  1 

13311 

13312 
0441 1 
02221 e 
02221 f 
1 221 1 e 
1221  If 
1  0022 
2001  1 
20013 
2001  2 
0331  1 
01 1 21e 
01 1 21 f 
mile 
1 1 1 1 1f 
1 1 1 1 2e 
1  1  1 1 2f 
0221 1e 
0221  If 
00021 
1001  1 

1  0012 
01 1 1 1  e 
01  1  1  1  f 
0001  1 

0441  1 
02221 e 
02221 f 
1 221 1 e 
1 221 1 f 
2001  3 
2001  2 
0331 1 e 
0331 1 f 
01 1 21 e 
01 1 21 f 

nine 

1 1 1 1 1  f 


05501  • 
1  3301 
1  3302 
04401 
0221 1e 
0221  If 
1 2201 e 
12201 f 
1  001  2 
20001 
20003 
20002 
03301 
01 1 1  1  e 
01  1  1  If 
llioie 
11 1 01 f 
1 1 102e 
1 1 1 02f 
02201 e 
02201 f 
0001  1 
10001 
10002 
01  101e 
01  1 01 f 
00001 

04401 
0221 1e 
0221 1 f 
1 2201 e 
1 2201 f 
20003 
20002 
0330 1  e 
03301 f 
01 1  1  1  e 
01 1  1  1  f 
11101e 
1 1 1 01 f 


2286.753 

2288.3903 

2290.6806 

2299.21 41 

2299.2395 
2299.2395 
2301  .0539 
2301 .0539 
2302.3735 
2302.5227 
2 305.2568 
2306.6920 
19  , c  2311 .6681 
C  0?  231 1 .7008 
231 1 .7008 
231 3.7726 
231 3.7726 
2315.2350 
2315.2350 
2324.1410 
2324.1 410 
2324.1 820 
2326.5980 
2327.4327 
2336.6330 
2336.6330 
.'349. 1  446 


2236.6789 

2236.6790 
2236.6790 
2238.5706 
2238.5706 
2240.5362 
2242.3238 
2248.3567 
2248.3567 
2248.3618 
2248.3618 
2250.6054 
2250.6054 


13C160. 


P(  85) 
P(  68) 
P(  80) 
P(  89) 
P(  79) 
P(  78) 
P(  88) 
P(  89) 
P(  77) 
P(  80) 
P(  86) 
P(  62) 
P(  90) 
P(  86) 
P(  89) 
P(  95) 
P(  92) 
P(  61) 
P(  98) 
P(  102) 
P ( 1 07  ) 
P(  99) 
P ( 1 08 ) 
PC  1 06 ) 
P( 1 1 3) 

P( 1 1 4  ) 
PCI  26) 

P(  90) 
P(  61) 
P(  72) 
P(  88) 
P(  89) 
P(  88) 
P(  82) 
P(  95) 
P(  98) 
P  ( 1 00) 
P(  87) 
P(  97) 
P(100) 


R(  63) 
R(  71  ) 
R (  75) 
R  (  71  ) 
R(  76) 
R (  60) 
R  (  81) 
R (  73) 
R (  78) 
R (  74) 
R (  56) 
R (  85) 
R (  60) 
R  (  91) 
R(  89) 
R (  88) 
R  (  61  ) 
R (  88) 
R ( 1 04  ) 
R  ( 1  03 ) 
R (  79) 
R ( 1 06) 
R( 1 02) 
R( 1 1 5) 
R  ( 1  10) 
R  ( 1  1  8 ) 

R (  95) 
R (  55) 
R  (  60) 
R (  40) 
R  (  77) 
R (  90) 
R  (  62) 
R (  93) 
R (  96) 
R (  92) 
R  (  71) 

R (  83) 

R (  84) 


Transition 


Isotope 


Band  Center 

,  -1  s 


11 112f 
0221  1  e 
0221  If 
00021 
1  001  2 
1  001 1 
01 1 1 1  e 
01  1  1  If 
0001  1 


1 1 1 02f 
02201 e 
02201 f 
0001  1 
1  0002 
1  0001 
01  1 01 e 
01  1 01 f 
00001 


13c16o, 


2250. 
2260. 
2260. 
2260. 
2261  . 
2262. 
2271  . 
2271  . 
2283. 


6931 

0500 

0500 

0617 

9102 

8486 

7604 

7604 

4874 


0221  1e 
0221  If 
1  001  1 
1  001  2 
01 1 1 1  e 
01  1 1  If 
0001  1 


02201 e 
02201 f 
10001 


10002  ;13cl6ol8o 


01  1  01  e  1 
0 1  7  01 f 
00001 


2242.8075 

2242.8075 

2245.2726 

2245.4960 

2254.3803 

2254.3803 

2265.9719 


0221  1e 
0221  If 
10011 
1  001  2 
01 1 1 1  e 
01  1  1  If 
0001  1 


02201 e 
02201 f 
10001 
10002 
01 1  Ole 
01  1 01 f 
00001 


12cl8o. 


2289.5689 
2289.5689 
2290.9720 
2294.8795 
2301 .7996 
2301 .7996 
231 4.0489 


0221  1e 
0221  If 
1  001  1 
1  001  2 
01 1 1 1  e 
01  1  1 1f 
0001  1 


02201 e 
02201 f 
10001 


10002  )12C160180 


01  101e\ 
01  1 01 f 
00001  1 


2307. 
2307. 
2309. 
231  1  . 
231  9. 
231  9. 
2332. 


3830 
3830 
2898 
71  51 
7380 
7380 
1 1  27 


0001  1 


00001  13cl6o17o 


2274.0884 


Range  of 
Measurement 


P(  98)- 
P  ( 1  06  )• 
P(  1  03  )- 
P  ( 1  05)- 
P ( 1 04  )  - 
P  ( 1  02)- 
P(113)- 
P  ( 1 1  6  )- 
P ( 1 22 ) - 


R (  78) 
R(1 04) 
R  ( 1  0 1  ) 
R ( 1 03) 
R ( 1 04  ) 
R(1 02) 
R ( 1 07 ) 
R ( 1 12) 
R ( 1 22) 


P(  86)- 
P(  77)- 
P(  83)- 
P(  84)- 
P(  94)- 
P(  99)- 
P ( 1 06 ) ■ 


R(  75) 
R (  74) 
R(  81) 
R  (  80) 
R(  94) 
R ( 1 01  ) 
R(100) 


P(  94)- 
P  ( 1  0 1  )• 
P(  98)- 
P(  98)- 
P(1 11  )• 
P  ( 1  2  2  )  - 
P  ( 1 28 ) 


R  (  72) 
R(  69) 
R (  54) 
R (  88) 
R ( 1 01  ) 
R( 1 02) 
R ( 1 06) 


P( 1 00 ) 
P(  96) 
P ( 1 00 ) 
P( 1 03 ) 
P(1 1 3) 
P(  1 1  1  ) 
P  ( 1 1  9 ) 


-R (  92) 
-R (  98) 
■  R (  98) 
■R (  92) 
■R  ( 1 1  3 ) 
■R( 1 05) 
•R  ( 1  17) 


P(  73 ) -R C  80) 


:-M;y 

:>/v: 


'-•.'-Vi 

N'.v’-.l 


The  2.8  ym  Bands  Included  in  Line  Listing 


1 221 2e 
1 221 2f 
2001  3 
1 1 1 1 2e 
1 1 1 1 2f 
20012 
1  0012 
20012 
2001  1 
21  1  1  1  e 
21  1  1 1f 
1  001  1 
llllle 
1  1  1  1  If 
1221  1  e 
1221  If 


02201 e 
02201 f 
1  0002 
01  1 01 e 
01 1 0 1  f 
10001 
00001 
1  0002 
1  0001 
1  1  1 01 e 
1  1  1 01 f 
00001 
01  101e 
01  1 01 f 
02201 e 
02201  f 


1 2q1 6q 


1  221  2 
2001  3 
1  1 1 1 2e 
1  1  1  1  2f 
2001  2 
1  001  2 
2001  2 
1  001  1 
2001  1 
nine 

1 1 1 1 1f 
1 22 1 1 e 
1 221 1 f 


02201 
1  0002 
01 101e 
01 1 Olf 
1  0001 
00001 
10002 
00001 
1  0001 
0 1  1  0 1  e 
01  1 01 f 
02201 e 
02201 f 


12c16o’8 


Band  Center 
(cm-1  ) 

Range  of 
Measurement 

Page 

3552.8568 

P( 

4  6 )  —  R  ( 

50) 

276 

3552.8568 

P( 

41  )  -  R  ( 

43) 

276 

3568.2165 

P( 

56)-R( 

60) 

273 

3580.3265 

P( 

57  )  -  R  ( 

65) 

274 

3580.3265 

P( 

70 )  -R  ( 

74) 

274 

3589.6520 

P( 

56 ) -R  ( 

52) 

274 

3612.8416 

P( 

82 ) -R  ( 

86) 

272 

3692.4278 

P( 

62 ) -R ( 

64) 

273 

?  371 1.4776 

P( 

56)-R( 

58) 

274 

3713.7218 

P( 

39)-R( 

35) 

277 

3713.7218 

P( 

40 ) -R ( 

40) 

277 

371 4.7825 

P( 

84 ) -R ( 

86) 

272 

3723.2501 

P( 

77 ) -R  ( 

75) 

274 

3723.2501 

P( 

70 ) -R ( 

70) 

274 

3726.6475 

P( 

52 )  - R  ( 

56) 

276 

3726.6475 

P( 

5  3  )  —  R  ( 

57) 

276 

351 1.4117 

P( 

33)-R( 

28) 

270 

3531.8352 

P( 

56 )-R( 

59) 

263 

3538.7785 

P( 

64 ) -R ( 

68) 

265 

3538.7785 

P( 

6  7 )  —  R  ( 

66) 

265 

3539.0176 

P( 

53 )  -R  ( 

53) 

264 

3571 . 1 409 

P( 

82 ) -R  ( 

82) 

261 

0  3645.4356 

P( 

53 )  -R  ( 

53) 

263 

3675.1337 

P( 

77 ) -R  ( 

77) 

261 

3676.7399 

P( 

4  8 )  —  R  ( 

50) 

264 

3683.81 36 

P( 

66  )-R( 

66) 

267 

3683.8136 

P( 

65 ) -R ( 

66) 

267 

3687.4754 

P( 

51  )  -R  ( 

52) 

268 

3687.4754 

P( 

50 )  -R ( 

53) 

268 

|  12.18. 


3525.2048 

3638,0657 


10012  00001 
10011  00001 


P(  62 ) -R (  74) 
P(  7 8 )  —  R (  74) 


271 

271 


00011  -  00001  626 
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*—  <\i  o  inoo  o' c-- cm  mvocoo'CMCMO'-=r  t*-c*'-=ro'CM  —  O'cointncMvooot'-oot— o'oo^ 

NvOinrOr- O'E'-inCMO'VOCMO'inOvO  — VO  —  IT104-  t--t— -=T  C^-O  CM-=T  vOCOONO  —  CM 

o  —  cm  co=r.=r  invo^^^O'O'O  — —  CMCMcoco=r.=r.=r  intninvovovOvovovot»-t''--c^- 

co  GOOD  CO  CO  CO  CO  CO  CO  CO  CO  CO  OO  CT»OvO^CT'CTNCriO>CTvCT'CT>0>C^C7vCr<CT>O^C7^CT'Cr'CT'OvO> 
co<^(^<^rnrococncnrnc^roco(v^pn<v^pnropnpnonrocnp^rnpnonrnpnonrnrocoonro 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


O-^'O'OCVJCMO'O'O'C-'-— OOCO0O=T;=r 
OOCM  —  CM  —  —  —  r—  t—  » —  i —  t— 

—  OCOVOVO  in  CM  —  vO  CM  —  LTvvO  O'  in  O  OMTi 
I  CM  I  •—  I  —  I  I  I  I  I 

I  I 

ir\co  co—  t-  moo  covo  co-=r  invo  t*-co=r  c--co 

VOVOVO  CO  CM  CO  O  —  t^-OO  t — CM  OJ  —  mm  —  m 
r*- t*-  la  r-  roov  cm  cocmo>  coirur  — voco 

■=T  CM  O  OO  in  CM  OMTt  CM  CO  -=T  OMO  O  in  O  -=T  00 

OOO  vO  COt- OvvO -=T  CM  C7N  CM  O  t— in  CM  O' 

OO'O'O'O'OOOOCOOO  C'-C—C-'-f'-C'— VOVOVO  m 
CO  CM  CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


O  CM-STVOOO  O  CM -=r  vO  00  O  CM-^vOOO  O  CM  VO  00  O  CM^r  VOCO  O  CM^T  vO  CO  O  CM^T  vO  00  O  CM^vO 

inminininvovovovovot'-ck-c,*-t*-t‘-cocooococoo'0'0'0'0'00ooo  — —  —  —  —  cmcmcmcm 


co*- 
CM  — 

-=r 

■=r  CMin-=rro 

inoo 

vo  in 

CM 

C**— 

CM 

—  O 
CM  t— 

o 

CM  —  —  CM  O 
—  | 

1  — 

CM  — 

r— 

\ 

OO 

1 

coco 

CO 

vo  oo  in  in  O' 

VOt- 

COCO 

^r 

inoo 

oun«-CMO 

t-in 

co^r 

CM 

vO  — 

in 

ov  co  in -=r  »- 

t>-m 

CO=T 

O' 

vOO 

vO 

—^rvo  coo 

ro=r 

in  in 

■=r 

•  • 

• 

•  •  •  •  • 

•  • 

•  • 

• 

cm 

VO 

co  in  cm  o 

—  00 

CM  O' 

CO 

in  in 

■=T 

roromro 

CM  — 

—  O 

o 

CM  CM 

CM 

CM  CM  CM  CM  CM 

CM  CM 

CM  CM 

CM 

CM  CM 

CM 

CM  CM  CM  CM  CM 

CM  CM 

CM  CM 

CM 

10012  -  10002  626  10011  -  10001  626 


-3 


OCM-=rvOooocM-=rvoooo<M.=rvoaoocM-=rvocOOCM-=TvooooCM-=rvocooCM«=rvOcoocM‘=rvocoo<M.=Tvo 
*-*—*—*-*- cm  cm  cm  cm  cm  coco  cnrncn=r .3- -3- •^■mminmmvovo  vovOvo  c^-c^t*-t—t*-co  oo  coco 


1 

O  1 
C  I 

OCTNC^LTit^ 

coon  cm  cm  oo*— in  oj 

CM  CM  CO  CM 

OOOVOOO 

t— inmioinoo-^vo 

Ov=3*.=T 

r>  i 

CM  *“ 

«— CVJ  •—  •— 

*-*-*—*- 

t-t-  *—  *— 

*—  «— 

O  1 

CM  COCM 

vo  vOvO  cot^- in  o  VO  o  co 

^r^avsr 

coco  in  o  invo 

m-=r 

*-a>m 

*-*-m 

00  O  i— 

i  i 

o  < 

*-  1 

*—  *—  1  *—  1  1  T— 

1 

i  i  i 

i  i  ii 

i  *- 

i  *- 

i  i 

1 

1 

1 

CO  1 
jO  1 
O  1 

*—  o  cm  c — in 

OMCOvomON 

c-ooooro 
coov=r  co  co 

vo  in  COO  On  cot — CO  00  CM 
cococ— =r  inmoo  inovvo 
c^inorocot-voovONC- 
*- in  on  cm  in  oo  o  cm  vo 

SCOOC- 
cn=r  Or- 
in  in  coco 

OVOt~r- 

me'-*—  co*- cm 
mo  co  *-  on*- 
ocoCMm^r  cm 

CM  *—  *—  O  On  00 

•=T  OOO^TQOVO-^  CM 
m  CM  ON  CM  CM  COO  CM 

ino  «“-*■- co  cm  co 
Ooo  incMaom*— t— 

vOOOvO 

VO  *-  O 
corner 
oo  coco 

CC  1 

1 

1 

1 

1 

C-COO*- CO 

cm  cm  rococo 
rococo  coco 
CM  CM  CM  CM  CM 

vo  C^-00  O  *-  CM-=T  in  vo 
roro  m=r  zr  -=r  -=r  ^r 

rococo  coco  cocococo  co 
CMCMCMCMCMCMCMCMCMCM 

ON*— CM  CO 

in  in  in 
cocococo 
CM  CM  CM  CM 

mvo  c^-oo  coon 

mmmmmm 
co  co  co  coco  co 

CM  CM  CM  CM  CM  CM 

coco=r  m  mvo  c—  r— 
vOvOvOvOvOvDvOvO 
cocococococococo 
CM<M<MCMCMCM<MCM 

CO  On  ON 
vOvOvO 

cococo 

CM  CM  CM 

a  i 
c  t 

00  *-  VO  o  00  in  «-  O  <\J  •—  Oil  CJv  O  CO 

vot--ovt-ovint--eoinm  rrov 

coco 

co  -=r 

-=r  m 

r—  CMOnO 

ZD  1 

*-r-r-CM 

*“ 

*— 

r-r-  *— *— 

*— CM 

t-  CM  *- 

O  1 

on-=t  zr  cot^oo  vovo-=r  cm  c^-=r  in  *— 

m.-movt'-oijOiocnm  vocvj 

cm^t 

coo 

Or- 

cocM^rvo 

1  1 
o  l 

1  |  r-r- 

1  1 

1  II  II 

1 

1  III  1 

' 

1  1 

1 

*—  CM  |  1 

i 

1 

(0  1 
O  1 
O  1 

>— vovoooooot^.-Oiocnt— mo 
oao  oco-=r  o  inmt~-u3CTvoMn^r 
mmrvi  oj  ovo  cr>ooo-=roo  ov 

O  sr  oo  «-  inao  «-  minco  cn  ou  m 

oovo *—  c-  coco  ctnco  inco  ooo 
c-ooinoovocoe-*-*-t--  t^oo 
c-co  c-coc-oo  c-^rcooN  in  on 
inmmm-=r  cocm  *— onc**-  coo 

ooo 

CM  CO 
T-CO 

m*- 

vo^r 
c-in 
^r^r 
-=r  o 

O  i — 
ON  CO 
VOON 
*— vO 

OCMOn*- 

^roo^r  o 
e^-  cm  mvo 

vo*—  moN 

CL.  1 

I 

1 

1 

1 

mco*-ocovomcn*-ONC^vo-=r  <m 
C\JC\j(MC\|r-i-r-»-r“00000 
coco  cocococococococo  cocococo 
CMCM<MCMCMCM<MCMCMCM<MCMCMCM 

vo-=r(MOoovo-=rcMONt"-  co*- 
OvONONOv oooooooo  e^-c*-  r— c— 

CMCMCMCMCMCMCMCMCMCM  CM  CM 
CMCMCMCMCMCMCMCMCMCM  CM  CM 

vo^r 
vOvO 
CM  CM 
CM  CM 

ONC- 

mm 
CM  CM 
CM  CM 

CM  ON 
m^r 

CM  CM 
CM  CM 

-=r  cmonvo 
coco 
CM  CM  CM  CM 
CM  CM  CM  CM 

1 

O  1 

C  » 

»  | 

*-  m 

CM  *— 

VO  CM  O  O 

o*- 

CM  CM 

^=rc^o 

T—  *— 

t-  coo*-  co 

COVO  CM  O  O 

*—  y—  r—  r-  t— 

in  ro 

comm-=r 

r^-CM^r 

1  O  I 

1  1 
O  1 

come- co 

1  r-  1 

*—  CM*— O 

C-CO 

r—  *— 

1 

CM  O  CO 

corner  cm  cm 

i  i 

vooNr-m^r 
i  l  i  i  i 

O 

OOO 
i  *~ 
i 

*-mcM^r 

i  i 

■3-ONO 

1  1 

1  1 

1 

co=r  c- 

■=roNCMm 

min 

c-inin 

oomsmo 

C-C^CMCOCM 

OO 

OO 

vomovo 

mvo  co 

c n  * 

c^-goc--cm 

ocmo^t 

CM*- 

cocoon 

t^mc^vo  *— 

-=r^r  *—  *— co 

vO 

mt^ 

■=r  c^~=rvo 

^3-  OCM 

n  i 

oro=r  co 

co=r  coon 

m-^r 

C--VOCO 

o  or- cm  in 

CM  NOON 

m 

coco 

Ov=X  c^-c^ 

OCOCO 

l  o  I 

CM  C— CM  t— 

voo-=r  c-> 

■=TvO00 

*- CM  CM  coco 

COCM  CM  *— O' 

vO 

CM  ON 

o  C —  COON 

*— VO  *- 

ce 


o 

c 

o 

o 


co 

O 

o 

Q, 


00  ON*-  CM 

mc^-oooN 

CM  CO 

C-COON 

cm  <o=r  mvo 

COONO  *-  *- 

CO 

mm 

00  COON  ON 

*-  *-  CM 

CM  CM  COCO 

cocococo 

^r^r^r 

mmmmm 

mmvovovo 

VO 

vOvO 

vOvOvOv O 

COCOCOCO 

coco  coco 

COCO 

rococo 

coco  cococo 

coco  co  coco 

co 

coco 

COCO  CO  CO 

rococo 

CM  CM  CM  CM 

CM  CM  CM  CM 

CM  CM 

CM  CM  CM 

CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM 

CM 

CM  CM 

CM  CM  CM  CM 

CM  CM  CM 

mo-=r  *— cm  *— ctnonctnon*—  m*^  comomaNmmcTNvo^r 
*- COCM*- CM*-  *—  CM  *—*—*—  ^-  *—  *-  ^ 

h-cno'Ct'-MONom 

CO  VO  ON 

CM 

CM 

00 

O  in  O  VO  VO  V- O  V- O  ■IT  C~  vo  03  O  O' O  vo  m  r- O  00 
.-OUCVJ  1  •-  1  r-  1  1  1  III 

1  1  1 

t*-.=r  coon  cm  *-  cm  o  co 
*—iiii  ii  *-*- 

C-CM00 

1  *- 

OO 

1 

00 

1 

oo  vo  t— ov  o  •- vo  oo  in  moo  o  inco  co  in  o  in  cvj  m  ov 
mm <?n  t~-=r  ctvco  t~-vo  (M  cvj  t-  vo  t~vo  c\j  movo  t-  in  O' 
vo  c — in*—  invo  innjvoooooinoovicvjovocT'ooojTooov 
oo  cvivo  o  mM3CTv(\i=r  voco  o  cm  msr  in  in  invo  in  in3- m 

o-=raNvnmov£>ocot^ 
frxooot*—=rcot—mo*- 
vo  o  cm  cm  o  mco  ONCOST 
*—  OCO  vo -=T  *-00  m  CM  ON 

1946 

7861 

3575 

CM 

•=r 

CM 

■=r 

m 

co 

m 

oo 

m-=r  cm  *—  oNC^-m^-  cm  ooo  t — mco*—  onc— mco*—  onc — m 
CM  cm  cm  cm  *—  *—  *-  *-  ^  *—  o  o  o  o  O  ON  ON  ON  ON  ONCO  oo  co 
co  co  rococo  co  coco  CO  co  CO  CO  CO  CO  COCM  CM  CM  CM  CM  CM  CM  CM 
CMCMCMCMCMCMCMCMCMCM<MCMCMCMCMCM<MCVJCMCM<MCMCM 

*— onvo-=t  cm  o  c — mooo 

oo  C^-C-vO  VOVOVO 

CMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCM 

2256 

2253 

2251 

VO 

CM 

CM 

oo 

cn 

CM 

CM 

*~3 


O  CVJ  JT  VO  00  O  CVJ  *=r  VO  OO  O  CM  VO  00  O  f\J -=r  VO  00  o  Cvj -=T  VO  CO  O  C\J -=T  VO  00  O  CVI  ^  VO  CO  O  OJ VOOO  O  OJ -=T  VO 
«-»—*-«—  r-CMCMCMCMCMcococncnco^.a’.^-ir^  mminininvovo  vovovo  C'-r^c^c^f'-ooaOooco 


204 


>S\v! 


rjZ&ZK'fZ.K** 


*,•  *„  V  *«'  *.*  ’»■  ’ 

~M  m%  ■  i  'rn'Ak 


*2k 


OOvJ3voooocm3voooocm3voooocvJ3voooocm3voooocm3 

*-*—*—*—*- cm  cm  ovj  cm  cm  0000000000^.^333101010 


00  O  CM  3- VO  00  O  CM  3- VO  CO 
00  OnOnOnOnOnO  O  O  O  O 


003  CM3 

in 

CM  OO  J 

1 

1 

c  i 

0- 

VO  VO 

coo 

vooo  cm  in 

3 

m*-f-3 

T-  CM  1 

1 

1 

^  i 

CM  CM*- 

*— 

«— 

CM3  *—  O 

oo 

oin  i 

1 

1 

CJ  1 

r- 

O  CM 

OOVO 

OO  OOCM 

CM 

ooon  cm  o 

1  y 

1 

1 

1 

1 

1 

1  1 

O  1 

T 

Y 

CM  CM  r- 
1  1 

1  *- 
1 

OOVO  a—  S— 

s- 

1 

vO  S—  1 

1  VO 

I  CM 

1 

1 

1 

1 

s- 

OS 

VOOO 

oo  in  cm  s- 

CM 

pocopo— 

*-  CMoOCn 

CO 

S-3  | 

1  vO 

1 

(0  1 

VO 

s-oo 

CM  CM 

V03  *— CO 

CM 

CM  *-0000 

3  nooov 

CM 

r—  CM  | 

1 

1 

n  i 

VO 

oro 

OOON 

OOCM  CO*- 

OO 

co  CM  OOCM 

r^*— mco 

oo 

coin  i 

» 

1 

O  1 

CM 

O  oo 

ON*- 

vOCOOn*- 

co 

oooocm  * — 

•  •  •  • 

• 

•  •  1 

1  CM 

1 

1 

• 

•  • 

a  • 

•  •  •  • 

• 

•  •  •  • 

O  *—  *—  *— 

CM 

on  on  i 

\  O 

1 

cc  \ 

VO 

OnO 

CM3 

vOS-COO 

oo 

scooo 

s— s— c — C — 

S- 

S-S-  1 

1  o 

1 

1 

t — 

t-CM 

CM  CM 

CM  CM  CM  OO 

oo 

0OPOCO3 

oooooooo 

oo 

ooon  i 

1  o 

1 

1 

OO 

noon 

ooon 

OOOOOOOO 

oo 

oococooo 

CM  OJ  CM  CM 

CM 

CM  CM  | 

f  CM 

1 

1 

CM 

CM  CM 

CM  CM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

vein 

in 

*-OOvCTv 

1 

1 

oo  i 

1 

1  1 
» 

1 

1 

1 

1 

O  1 

C  1 

O 

CM  inOvS-00C0avO3 

On 

103  C — 3  oo 

CM  CM 

*-  1 

!  00 

1 

O  1 

*—  CM  *—  CM  *-*- 

*-*-  *- 

ino 

CM 

OnvOOOOO 

CO  I 

i  o 

1 

O  | 

in 

O  On  ON  OOOO*-  O  S-  CM 

OO 

*-ON3  oo 

1 

T—  * -  | 

1 

1  o 

1 

1  1 

*-*-  1  *—  CM  CM  1 

1  ' —  r- 

1 

1 

1  CM 

1 

O  1 

*  1 

COO 

o> 

CM  0— CM  OO 

in  i 

1 

1 

1 

CM 

tflUVO  C—00  OMTICO  vD 

vO 

OOvOOnOn 

CM  O 

oo 

*-000000 

CM  1 

1 

1 

c n  \ 

00 

S-*-S-3  *-0*-(MvO 

3 

3  OOr-  CM  CM 

30 

3 

O' 003  OO 

in  i 

» 

1 

n  i 

CM 

CJ  OV  cm  m  o  =r  vOUV 

S- 

mooovcMoo 

oos- 

oo 

co*-ooin 

oo  1 

1 

1 

O  1 

Ov  CM  VO  OV  CJ  LT>  C~-  CJ>  1— 

3 

COOOS-C^VO 

•  • 

• 

•  •  •  • 

1 

1 

1 

• 

• 

•  •  •  •  • 

3  * — 

vo 

o  co  in  cm 

vO  1 

1 

\ 

CL  | 

in 

r-  ocovoinoo*-  onco 

3 

CM  O OOVO 3 

ooon 

CM 

CM  r—  * —  * — 

O  ! 

1 

1 

1 

o 

O  O  OV  OV  CTN  Ov  OvCO  CO 

oo 

C^S-\OVOvO 

CM  CM 

CM 

CM  CM  CM  CM 

CM  1 

1 

1 

1 

oo 

OOOOCM  CM  CM  CM  CM  CM  CM 

CM 

CM  CM  CM  CM  CM 

CM  CM 

CM 

CM  CM  CM  CM 

CM  1 

1 

1 

1 

1 

1 

1 

1 

CM 

CMCMCMCMCMCMCMCMCM 

CM 

CM  CM  CM  CM  CM 

00  O  CM  3*  VO00  O  CM  3-  VO  00 
OOOnONOnOnOnOOOOO 


003 

T 

3  in 
vo  o 

i-OO 

CM  O 
00  vO 

in  in 

CM  CM 
CM  CM 


ms-3oo 

1 

1 

1 

I 

1 

1 

CJ  1 

C  1 

S- On  CMS- 

30 

VO 

3 

33 

s- 

oom 

*- 

1 

1 

n  i 

CM*- 

*— CM 

CM 

03  * — 3 

CM 

1 

1 

o  ! 

JTOOt— 

»-r- 

O 

O 

CM  OO 

3 

OOCM 

1  1 

1 

1 

1  1 

1  <\1- 

*—  CM 

t 

CM  1 

1 

1 

VO 

1 

O  VO  vO  CM 

m 

1 

1 

CM 

1 

»-^ONS 

s-m 

O 

CM 

mm 

s- 

33 

in3  0Noo 

o 

1 

l 

vO 

CO  1 

COCOS— 3 

CM  O 

s- 

ON 

moo 

CM 

S-O 

coco  mo 

oo 

1 

1 

O  1 

VOS-VOOO 

ON  ON 

o 

CO 

s-oo 

VO 

vooo 

300  CM  VO 

CM 

1 

1 

O  1 

momo 

CO  (VI 

o 

OO 

S-ON 

CM 

OOOO 

•  •  •  • 

• 

1 

1 

OO 

1 

•  •  •  • 

•  • 

• 

• 

•  • 

• 

•  a 

000033 

m 

1 

1 

O 

CC  I 

S-OnOCM 

3  vO 

On 

m 

S-CO 

CM 

VOS- 

S-S- S-S- 

s- 

1 

1 

O 

1 

OO*-*- 

V —  r- 

CM 

CM  CM 

OO 

OOOO 

OOOOOOOO 

oo 

1 

1 

O 

1 

OOOOOOOO 

OOOO 

OO 

OO 

OOOO 

OO 

OOOO 

CM  CM  C\J  CM 

CM 

l 

1 

1 

1 

CM 

1 

1 

CM  CM  CM  CM 

CM  CM 

CM 

CM 

CM  CM 

CM 

CM  CM 

CM 

OOCMS-OOr- 

vOO 

1 

1 

1 

1 

1 

O  1 

C  1 

mocM 

OO 

S-  moO  On 

m 

VDlTlvO^T 

VO  ON 

r—  r* 

1 

1 

OO 

o  \ 

on*- 

r-  (r- 

OO 

OCMvOOCO 

*—  CM 

1 

1 

o 

o ! 

*—  CM  O 

OO 

*-30 OvO 

oo 

003  OOCM 

3  S- 

*-  1 

I 

1 

1 

o 

1  1 

a- — 

1  1  *- 

1 

1  1 

1 

1 

1 

1 

CM 

O  1 

1 

3 

33  t—ONr- 

300 

1 

1 

! 

CM  m3 

mvovo3 

o 

cm  m3  m 

OO  s- 

*— 

ON  CM  mooovoooo 

1 

1 

10  1 

OOVO  VO 

3 

*-omo 

o 

*—  s-o  *— 

VO  O 

O' 

oomov  *-00000 

1 

1 

O  1 

OnS-PO 

3 

*-*-003 

vo 

vO  S— S— 3 

*-  o 

CM 

O^r 

1 

1 

O  1 

0300 

O 

ins-coo 

oo 

3333 

CO  *- 

• 

•  a 

1 

1 

1 

•  •  • 

• 

•  •  •  • 

• 

•  •  •  • 

a  a 

vO 

f-oomooo  s-3 

1 

I 

CL  1 

CMOOO 

CM 

CO  VO  3  OO 

s- 

OO*— ONS- 

OO  ON 

OO 

OOCM  CM  CM  c\ 

r*  r— 

1 

1 

1 

OOCTN 

Ov 

CO 00 00 GO 

s- 

S-l— VOvO 

vo  m 

CM 

CM  CM  CM  CM  CM  (M  CM 

1 

\ 

1 

OOOOCM 

CM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM  CM 

CM 

CM  CM  CM  CM  CM  CM  CM 

t 

1 

1 

1 

1 

1 

CM  CM  CM 

CM 

CM  CM  CM  CM 

CM 

(VJ  CVJ  (\J  (VJ 

CM  CM 

O  CM  3  vooo  O  CM  3  VOOO  O  CM  3  vooo  O  CM  3  VOOO  O  CM  3  vooo  O  CM  3 
*-*-*—  *—  *-  CM  CM  CM  CM  CM  00000000003 3 333  101010 


UWPWJ  15  .  1. k  i 


FI  •  V  I^7T;  ■>  *>  V  V  ■ 


u  «>  'jTTf'i'Mi'j'Kf.'w:*:*:*:*.  *,.T^r«r-r>r-r‘r'!:- 


yry. 


■V- 

i£+ 1 


206 


& 


k/- 


vOCO  O  CM-^vOCC  O  CM-=TvOCO  O  CM 
LT»  UVO  VO  vO  vO vO  t—  t--  C-  C^-CO  00 


00 

CM 


00 

00 


CO 

CM 


Of- 

1 

1 

1 

c 

F- 

1 

1 

1 

o 

CM  O 

1 

I 

t 

o 

CM 

I 

1 

1 

) 

1 

1 

1 

vO 

1 

t 

1 

o 

mN 

C*- 

1 

1 

CM 

1 

mcM 

in 

1 

1 

vO 

1 

w 

CM  CT> 

in 

1 

1 

1 

n 

ooir\ 

o 

1 

1 

1 

o 

•  • 

• 

t 

1 

«— 

1 

COf- 

1 

1 

O 

1 

cc 

in  in 

=T 

l 

1 

o 

1 

(MCM 

CM 

1 

1 

o 

1 

CM  CM 

CM 

1 

1 

1 

1 

1 

1 

CM 

1 

1 

1 

1 

o 

1 

1 

1 

c 

1 

1 

1 

:=> 

1 

1 

» — 

1 

000 

O 

vooNin 

1 

1 

o 

1 

o 

F-CM 

1 

1 

» 

1 

o 

CM 

1 

1 

A 

in^r 

OO 

inos 

1 

1 

1 

i  i 

CM  CM 

1 

1 

1 

1 

1 

1 

<n 

1 

I 

I 

JQ 

vom 

in 

oo-=r 

1 

1 

t 

o 

f-o 

vo 

om 

1 

1 

1 

aoin 

T— 

in  in  cm 

1 

1 

1 

0- 

OOn 

vO 

vom  c 

1 

• 

1 

•  • 

• 

•  •  • 

1 

1 

1 

oo 

CM 

invot-- 

1 

1 

1 

•=T 

^r-=r-=r 

1 

1 

1 

mm 

m 

mmm 

1 

1 

1 

CM  CM 

CM 

CM  CM  CM 

1 

1 

1 

1 

1 

1 

*■3 

ON 

coinooo^-  m 

t-m 

l 

1 

1 

1 

CM  CM 

1 

ON 

vomocMt^-o 

coin 

1 

1 

1  1  F-CM  1  CM 

1  1 

1 

1 

VO 

cm*=t  mo-=r^r 

ovm 

1 

1 

m 

OOOvvOvO  O 

coon 

1 

» — 

•=T  CM  t*- f-CM  cm 

min 

1 

ON 

movomoNin 

VOf- 

1 

m 

r-CT'vO-a-  <— CT\ 

■=J"  CM 

1 

-=r 

=r  mmmmcM 

CM  CM 

1 

CM 

CM  CM  CM  CM  CM  CM 

(MCM 

l 

CM 

CM  CM  CM  CM  CM  CM 

CM  CM 

1 

vOOOOCM^vOOOOCM-=TvOCOOCM 

ininvOvOvOvOvO  c^t^t^c^t^-oooo 


I 

O  I 


cm  oo  in 


I 

4  CO  CO 

VO  F-  F- 

m  t*— 

m  cm  f- 

•  •  • 

VO  On  CM 

O  O  F- 

m  m  m 

CM  CM  CM 


o 

CM 


On 

CM 

CM 


I 


I 


^TC^-in  -=rvO 


vo  .=r  inin 


mo  co 
mom 
m=r  cm 
■=rc-o 
•  •  • 
^tcm*- 

OOnOn 
CM  CM  CM 
CM  CM  CM 


rr\=T 

r— 

I 

ino 

(Mm 
f-CM 
LTit^- 
•  • 
t-in 

oo  oo 

CM  CM 
CM  CM 


■  CM  ITVT  m  vO 

f-CMf- 


O  F-vO 


in 


t^C^-Ov 

OOCMvO 

OOC^-CM 

t->o 
•  •  • 
SOOO 
t-t-CM 
mmm 
CM  CM  CM 


m 


OOCMmCM 
< —  CM  f— 

I 


cm  on  memo 
NOvmcom 
v04-om=r  co 

■=TvOOOOnO  f— 

CMm=r  int*-  O' 
CM  CM  CM  CM  CM  CM 

mmmmm  m 

CM  CM  CM  CM  CM  CM 


CM 

I 


m 

m 

in 


m 

m 

m 

CM 


F~mt^m=r<^  -=rvo-=r  m 


^OS» -CM  00 
I  *“•“  I  I 
I 

-=T  OCOvOvOvO 
ot^ovmvom 
F—ovincrvocyv 
mm=r-=r  in-=r 
•  ••••• 
co  vo-=r  cm  oco 

CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM 


CMLOf-f- 

F~  I  F~ 

I  I 

irovF-in 

voooo-=r 

OvOOvO 
mmcMO 
•  •  •  • 
■=r  cm  oco 
vovovom 
CM  CM  CM  CM 
CM  CM  CM  CM 


OCM-=rvOCOOCM^TVOcOO  CM*=TVOOOO  CM-=T'OOOOCM-=rvOOO 

r—  r—  t—  f—  cm  cm  cm  cm  cm  mmmmm=r 


S3 

•V 

y.' 


.y. 


-V. 

/o 

v\ 
'<*■'» . 

fc> 


;.v 

v"-V 

••y 

%-v 


l**-4 


.•V 

*o 


V  ■ 


$ 
V.’  *-'■ 


233^-08^9  12  21 


"  k 


*  - '  o* 


*—  *—  CM  *—  CM  *— 


intninininvovovovovos-s-o-s-s-co 


1 

1 

1 

O  1 

1 

C  1 

s- 

in 

in  on 

ON 

vO 

•=r 

1 

1 

*— 

1 

o ! 

oo 

<m 

ooo 

■=r 

o 

I 

i  i 

1 

O  1 

| 

vO 

1 

1 

CNJ 

1 

1 

on 

o 

oo^r 

CO 

co 

s- 

VO 

1 

n  i 

on 

<\j 

s-*- 

C\J 

VO 

C\J 

1 

O  1 

in 

vO 

«—  y— 

OJ 

oo 

in 

1 

O  l 

oo 

on 

vOOn 

-5- 

CO 

■=r 

OJ 

1 

i 

• 

• 

•  ■ 

» 

• 

• 

T— 

1 

CC  1 

oo 

oo 

vO  S- 

o 

CNJ 

oo 

o 

1 

1 

o 

V— 

r—  , — 

CNJ 

CNJ 

CNJ 

o 

1 

1 

m 

oo 

mm 

OO 

OO 

OO 

*— 

1 

1 

1 

1 

cm 

OJ 

OJOJ 

CNJ 

CNJ 

CNJ 

-wt^aif-roir>sa'T-minNa'«-minsa'r-mtn 
*-•-*-*-*- cm  cm  cm  cm  cm  oooomoooo^.=r^ 


o  co  vo  in  cnj 

1 

vOCMS-  1 

1  1 

1 

* 

1 

O  1 

C  1 

OO 

in  in 

OOCM 

inr--=T 

voinoos- 

•—00 

CNJ 

*- 

«-t~  8 

1  CM 

1  CM 

1  O 

1 

^  1 

•-CM  CM 

CM  i- 

CM*- 

«- 

*—  CM 

OOS- 

onco  m*-o> 

OO- —  S-  1 

1 

o ! 

CM 

vornoo 

vo  in 

CMONO 

*—  OO*— 

•— vO 

1  *- 

1  1 

( -  y—  I 

1  O 

1 

1  1 

, — 

r-CMCM 

CM  t— 

CNJ 

r— 

r—  CM 

j  *“ 

1 

O  1 

1 

1  1  1 

1  1 

1 

coin 

OVOOOOON 

vo-=r  oo  i 

1 

1 

1 

O 

OOS-t- 

OOOO 

ooot- 

co  ininco 

vO  0— 

CNJ  OO 

invo^r  s-in 

mm  co  i 

1 

1 

co  i 

CO 

OOONOO 

CM  on 

inoot^ 

co^r  s-m 

cm  in 

cnj  in 

OOCO*-t~ON 

f>-  cr — -=r  i 

1 

1 

jO  1 

oo 

ao*~oo 

ooin 

CM  t — On 

s-oovos- 

CMVO 

c— in 

^“COvOOOOn 

(NJCO-=T  1 

1 

1 

O  1 

■=r 

*-inco 

vOOO 

CM0O=T 

vO  C —  t — t — 

C^VO 

•  • 

I 

1 

1 

• 

•  •  • 

•  • 

•  •  • 

•  •  •  • 

•  ■ 

vO  t — 

0\(3\O<-  •— 

oooo=r  i 

1 

1 

CM  1 

co 

moo*- 

vo-=r 

*— OnS- 

colons- 

oo*- 

oooo 

oooo=r.=r.=r 

i 

1 

1 

1 

ON 

ON  ON  ON 

coco 

COt-t^ 

0-t— VOVO 

vOVO 

oooo 

oo  oooo  oooo 

ooooro  i 

1 

1 

1 

CM 

CM  CM  CM 

CM  CM 

CM  CM  CM 

CM  CM  CM  CNJ 

CM  CM 

CNJ  CNJ 

CM  CNJ  CNJ  CNJ  CNJ 

CM  CM  CM  1 

1 

1 

1 

1 

1 

I 

1 

CM 

CM  CM  CM 

CM  CM 

CM  CM  CM 

CM  CM  CM  CM 

cm  cm 

OOVO 

1 

vo  *-inCMCMCNJ  O  1 

1 

1 

1 

1 

1 

1 

OO 

•-S- 

S- 

VO  CM  OOCM  OO 

f 

S-  1 

1 

1 

( 

1 

O  / 
C  1 

•-00 

CM 

ON  CM  CM  VO  O  CM  CM  CO  On 

*--=T-=r  vo 

•=r 

CM*- 

1 

*“ 

1  1  CM*-*- 

i 

1  1 
• 

1 

I 

i 

^  1 

CM  CM 

CM 

•-CM 

*- 

i 

i 

1 

1 

i 

1 

o ! 

COO 

S- 

■=r  co  o  o  ooo  ooo  -=r  in 

VOUNr-O 

o 

S- 

s-oo 

CM 

-=r^=r  ooincM 

T—  1 

1 

1 

1  1 

* —  oo 

y— 

t  *-  ii 

y— 

oo 

•-ON 

in 

CM*~COS-*- 

CM  1 

1 

1 

O  1 

1 

i 

1 

CM 

CO  CM 

*— 

oocoinooo 

T—  | 

1 

1 

1 

CM  O 

*— 

oooNin*—  vo 

vO  1 

1 

1 

1 

OS 

■=T 

OOOOVO  CM  CM  CO  «-  OnvOvO 

oovoin 

o 

• 

•  • 

• 

■  •  •  •  • 

•  | 

1 

1 

co  i 

^r-=r 

VO 

in»— -=x  •—  inc\jvo  oovo-=r 

SOSO 

o 

oo 

On  S— 

o 

incMOooin 

O  1 

1 

1 

JO  1 

r-  r— 

in 

s-oovot^inf— =r  moooN 

OOCM  S-*— 

o 

in 

^r-=r 

■=T 

OOOOOOCM  CM 

CM  1 

1  vO 

1 

O  1 

S-CM 

r— 

oos-  o  oo»o  on  *—  ooinvo 

ONOO*- 

CM 

CM  CM 

CM 

CM  CM  CM  CM  CM 

CM  1 

1  CM 

1 

i 

•  • 

• 

•  •  •  • 

• 

CM 

CM  CM 

CM 

CM  CNJ  CM  CM  CM 

CM  1 

1  vO 

1 

CC  1 

IOS¬ 

*  o 

•=3- in  S-<X)  ON  O  CM  OO^T  in 

C— ONO»- 

oo 

1 

1 

1 

1 

CO  CM 

oo 

oooooooooosr  -=r-=r -=r 

•=r-=r  in  in 

in 

1 

1 

1 

1 

OOOO 

oo 

oo  oooo  co  oooo  oooo  com 

coco  co  oo 

oo 

CNJ^TvOCOOCM^rvOCOOCM-^rvOOO  O  1 

1  *— 

1 

1 

CM  CM 

CM 

CMCMCMCMCMCMCMCMCMCNJ 

CM  CM  CM  CM 

CM 

o 

o 

1 

1 

O  1 

C  1 

00  inCM^T ONO  c^o 

ons-vooo  s-on-=t  oo 

■=r 

o 

1 

ro  i 

t-(M  *-  CM 

f-T-  •-  •-  y- 

•- 

1 

1 

O  l 

-=rosocM-=r*-c\j 

in  on  oocm  in  co  c^o 

•=r 

^ _ 

1 

I 

i  i 

O  1 

*-  CM  1  CM 

t  1 

T 

CM 

O 

1 

1 

i 

i 

vo  •—  cm  -=r  o  on=r  in 

o^r  o  o  s-vo  •--=}■ 

in 

O 

1 

CO  1 

CT'.a-  OOLTlOO^J-  lOO 

OQN-=r  vo-=r  invooN 

oo 

O 

1 

1 

OOOnCNJ  OOOJCO  <M 

C7n(NJ-=T  0OO-=TvO  in 

1 

O  1 

CMvOONOOkOCN  — -=r 

on  *-  cm  r<V3-  ^  ^  zr 

oo 

1 

CL  1 

o  oo  vo  in  oo*- o  oo 

cm  •- on  s- in  oo*— on 

in 

1 

1 

1 

1 

1 

1 

CvJ»— •— r-*— •— *— O 
oo  oooo  ooooro  oooo 

CM  CM  CM  CM  CNJ  CM  CM  CM 

O  O  oi  cri  O'  <T|  ONOO 

mmcv  cv  cm  cm  cnj  c\j 
CM  CM  CM  CM  CM  CM  CM  CM 

00 

CM 

CM 

V  V  *>’ 

v>VO 

v--Vv> 

V  «  »  *  *  ta” 

■V-V-A 


s'v' v* 


13 


I _ J 

-  V  Vs 

;..n  .■> 

•  -  ■  »  h  KJ 

,V‘.> 

•  ...4 


■.  ■•. * 

-.’••a.  j 

\V.V.\ 


«-f- .-  «-  <— cm  cm  cm  cm  cm  rotnoonra-a-^ 


•.  V  V 

vt*m 


\v; 

>  /  > 


‘  »  "  *  *  •  *  •  •  «  '  »  '  •  *  •  'A  »**  »*»  .*• /»  ,*»  »N  ,*«  ,S  /«  **»  ,*•  ,N  A  A  »S  A  *»  S  A  A  »  *  »'■•■*  .*• 


•  .  >  .  •  .V 

^"a'a'.  /V  O  _< 


ff  V 'AW'JI  V>  Ik  «.»  '-l  *  VTV*  V*  l/**  '-’A'  V 


m 


E5 


t-  cri  «—  <r\  c~  O'  «-  cn  in  t~-  O'  •-  oo  in  c—  ov  .-  o"im  r—  O' *—  com  c*-  O' 
'inirurunirivovovovovo  t— t'-c^t'-c~-cooooococoo'0'0'0'0' 


r- 

co  e- 

-=r  on 

i  < 

1  C  1 

ooNmoN 

*— 

*—  *— 

i  i 

i  i 

1  O  1 

eg*—  *— r- 

o 

eg  on 

von 

i  i 

i  i 

1  O  1 

vDS4-i- 

eg 

\ 

i 

i  i 

i  \ 

1  1  vO 

1  1  1 

1  O  1 

1  1 

1 

LO 

-=rco 

onon 

i  i  eg 

1  1 

r-egoco 

m 

in  eg 

com 

1  1  vO 

t  CO  1 

nOnOOnnO 

oo 

co  *- 

onn 

i  i 

1  JO  1 

oo  eg  in 

eg 

•-on 

CM  On 

i  i 

1  O  1 

e~=r  cm  on 

• 

•  • 

•  • 

i  i  ^ 

1  1 

«  •  •  • 

LO 

oo 

eg  eg 

i  i  *— 

1  DC  1 

invovo 

on 

^r^r 

^r*=r 

i  i  * — 

i  t 

r*  r—  * —  i — 

oo 

onon 

onon 

i  i  *— 

i  i 

common 

eg 

eg  eg 

eg  eg 

1  1  o 

1  1 

1  1  1 

i  i 

i  i 

1  O  1 

eg  eg  eg  eg 

in 

00*- 

-=r 

co  ogee 

1  1 

1  C  1 

*-  00 

com 

eg«- 

* -  *— 

1  1  * — 

1  O  1 

eg  *- 

*-eg 

1  i  eg 

1  1 

1  O  1 

-=r 

ONO 

eg  o 

vDOin 

i  i  * — 

m  m 

*— *=r 

, — 

cm*- 

1 

i 

i  j  *— 

1  1  1 

-=r  eg 

i 

i  i 

1  1  o 

i  i 

1  O  1 

1  1 

i 

c^- 

voir* 

e-  e- 

cm  *— ^r 

i  i 

1  1 

1  1 

vo  in 

*— on 

o 

avao 

on  in 

ov=rvo 

i  i 

i  cn  i 

co  in 

on  eg 

00 

moo 

e- 

ONONnO 

i  i 

i  n  i 

■=r  in 

eg  on 

l n 

m*- 

o  -=r 

onoin 

i  i 

»  O  1 

r-  C- 

on^r 

• 

•  • 

•  • 

•  •  • 

i  i 

i  t 

•  • 

•  * 

on 

men 

eg  t^- 

oo-in 

t  i 

1  Du  1 

o  N- 

in-=r 

LTv 

in  in 

-=r  m 

on  eg  eg 

i  i 

i  i 

o 

oo 

CM 

eg  eg 

eg  eg 

eg  eg  eg 

i  t 

i  i 

m  m 

mm 

eg 

eg  eg 

eg  eg 

eg  eg  eg 

i  i 

i  i 

eg  eg 

eg  eg 

in 

r-vDl-O 

e^-e-ONvo 

m 

i  i 

i 

C  1 

ONinoN-=r  *-m 

eg 

eg  *- 

eg 

i  i 

i 

O  1 

*-  *-  eg  eg  eg 

eg 

o 

rvimmao 

m*-^r  *- 

o 

i  i 

i 

o ! 

mcoinomNO 

e- 

eg  i  i 

i 

m 

i  i 

i 

1  1 

ill*-  1 

i 

l 

i  i 

i 

O  1 

1  »  NO 

i 

1 

oo 

o  c\J-=r  t-*- 

V— 

eg  o  *-on 

T— 

i  i  eg 

i 

1 

O  ON  NO  inco  *— 

m 

o 

eg  vO  c^— 

o 

in=rco  in 

in 

1  1  NO 

i 

CD  1 

e~-c\jNO-=r  egoo 

ON 

ON 

oomoN 

=t  egt-o 

m 

i  i 

i 

n  i 

OMnoNm 

o 

ON 

e-vo^-eg 

CO 

cmcmtiOj 

ON 

i  t 

i 

O  1 

*— OnnO-=T  *— On 

*— 

• 

•  •  •  • 

• 

•  •  •  • 

• 

i  i  *— 

i 

i 

• 

*=r 

nD  C — 0O  On 

o 

egog  m=r 

in 

1  1  o 

i 

CC  1 

OOCOCTnO  *-  *— 

in 

in  in  in  in 

NO 

vOnOnOvO 

NO 

i  i  *— 

i 

1 

cnmmsr^rzj- 

«=r 

m 

common 

m 

mmmm 

m 

i  i  *— 

i 

1 

mmmmmm 

m 

eg 

eg  eg  eg  eg 

ej 

eg  eg  eg  eg 

eg 

1  1  o 

i 

1 

eg  eg  eg  eg  eg  eg 

eg 

c— o 

c— 

co-=r  o*— o*—  in-=r  *-on*-no 

ON 

NO 

COON  1 

i 

i 

C  1 

ONC^-mCMNOCM 

m 

*—  *—  eg 

m*-  meg  eg  eg  *—  *- ,- 

t— 

T— 

*—  * —  i 

i  *— 

i 

n  i 

*-cm*-*-cm 

eg 

u. 

oo  e-ov 

m 

oo*—  o"oco  mooo  *~co  mo 

in 

*~^=r 

i 

*=r*=r  i 

* 

i 

i 

i 

O  | 

no  o  O' in  meg 

m 

K. 

i  i  .- 
1 

i  eg  i  eg  cm  eg  cm  *-  i 

i 

T 

1  7 

i 

1  o 

i 

i 

i  i 

O  1 

i  *-  it 

i 

i 

W 

onco  in 

O 

■=r  t'-vo^r  inmr-c-mt-ioc- 

m 

CM  VO 

i 

ONCO  1 

i 

i 

i 

i 

i 

i 

moN  cm  moN  m 

m 

%  . 

comm 

in 

*—  qn  no  monvo  * —  * —  * —  * — -=tno 

co 

ON  CM 

■=rao  i 

i 

i 

CD  1 

*— ONr-ininNO 

« — 

V  . 

ctnc— eg 

m 

eg  eg  *-  c^-  *-  eg  *-  oo  eg  *=r  mo 

in*- 

inm  i 

i 

i 

O  1 

VOVOVOVO^T  ro 

CO 

V. 

«-  OON 

m 

co  in  eg  con*— c^- egoo  moo  m 

onpo 

on  eg  i 

i 

i 

O  1 

OCM^TNOCOO 

m 

>  V 

*—  On  NO 

O 

irim*-oo  'Oa-*-(JHO^  *— O' 

00  NO 

OaO  1 

i 

i 

Cl.  ! 

in^-  oneg  *-  *-~ 

ON 

>. 

coe-c^- 

c- 

nonOno  ininmin^T-=r -=r  *=r  m 

m 

eg  cm 

eg*-  i 

i 

i 

1 

mmmmmm 

CM 

K\ 

eg  eg  eg 

eg 

egegcMCMegegegegcMCMogCM 

CM 

eg  eg 

cm  eg  i 

i 

i 

1 

mmmmmm 

m 

eg  eg  cm 

eg 

egCMegegegegegcgegegegeg 

CM 

CM  CM 

eg  eg  i 

i 

i 

1 

eg  cm  eg  eg  eg  eg 

eg 

o-o'*— onir\^0'*-o">trif--0'<-onu'it— O'.— minf-O'.-ooine'-O' 
•=r;=r  intrunininvovovovovot— t— t— t~-c~-o0oocoaoco0'0'0'0'0' 


-  cm  msr  mvo  t — oo  O' 


-  oj  ona-  invo  t^eo  O' 


.  V. 


A  A  , 


208 


o <\i  on=r  iruo  t~-co  ov  o  •-  c\j  m=r  invo  c~-co  as  o  <-  c\j  pn=r  invo  t~-oo  O'  o «-  c\j  m^r  invo  c—co  <?>  o  *-  c\j  m«-  invo  t—oo  o 
*- «- «-  w-  *-  w-  r-  *- 1- 1-  c\j  cm  <\j  <\j  c\j  ovj  c\j  cm  co  <\j  rn^cni'npnpnrnpnrornsr  a-  ^  a-  .=t  a-  =r  zr  a-  in  in  n  n  la  in  in  in  nn 


0* 

*-vo 

invom 

00  00  0* 

ONOO*- UN 

CM 

in 

CMSOI^r-4- 

in 

t^-inovo 

-=T 

CM 

*—  CM  *— 

CM 

*—  CM 

CM 

» —  * —  CM 

oom 

in*- on 

^■=r *- 

C^CMCM-=r 

m 

VO 

oo  mao  cm  oo  on 

^=r  cmonoo 

, _ 

7  1 

m 

i  *— 

«-  CM  1  1 

CM 

1 

1 

«-  1  1 

1 

r— 

T  1 

1 

i — 

c^o 

o*mco 

energy- 

ovomoN 

UN 

=r  mon=r  o  in 

00 

osms 

CM 

vO 

vo  in 

CM  00  CP* 

mo*  in 

CM  CM  vo  m 

CM 

CM 

mom^r  cm 

ON 

on^tcooo 

V— 

(\J 

CO-rr 

c^onvo 

■=tcoon 

cm  mo*  on 

0- 

in 

0-=r  minon-=r 

o 

ino*-=r  p*- 

in 

On 

CNJ  O'* 

CM  ON  UN 

C04-0 

in «-  vo  cm 

ON 

* — 

CM  C^-CM  0— CM  P— 

inav^oo 

< — 

• 

•  • 

•  •  • 

•  •  • 

•  •  •  • 

• 

• 

• 

•  •  •  • 

• 

T— 

mm 

LTHCNvO 

f — CO  ON 

«-  CMCM  m 

p- 

oocoonctvo  O 

mrry=r-=r 

vO 

C\J 

CNJ  CNJ 

CM  CM  CM 

cm  cm  cm 

mmmm 

m 

m 

mfomm^r 

-=T 

on 

mm 

mmm 

mmm 

mmmm 

m 

m 

mmmmmm 

m 

mmmm 

m 

(M 

CNJ  CNJ 

CM  CM  CM 

CM  CM  00 

CM  CM  CM  CM 

CM 

CM 

CM  CM  CM  CM  00  CM 

OJ 

CM  00  00  CM 

00 

00 

r^cri«— nc— n 

VO  CO 

imo  moNin 

o^r  in  on  in  in 

cm  in 

r— 

UN* — 

-=r  un 

O  00  mrr  co 

00 

CM*-*-  00 

CM 

00 

CM 

*- 

r- 

«-(M 

o 

onco  p-^r  oo-=r 

m*- 

CVXOr-ON^r 

o-=r  mcvj^-oN 

UN  00 

ON 

UV3-CM 

vo^r 

on  o  oo  co 

CM 

i  oo  i  m 

CM 

1  1  CM 

*-  1  *-CM  *- 
1  1 

1 

1 

1  1  r- 

1 

•=r 

*—  ONOv=r^r  p- 

oin 

inooop-vo 

oo  c^- on  in  co  m 

0O  CM 

00 

^rt^-m 

P-CM 

■=rvOCMUNP- 

ON 

m*-  oocovo  p- 

vom 

OOO-OnvOO 

UN  ON  CO  *— -=T  UN 

ONVO 

t— 

*--=T  On 

O  CM 

COvO  ON  t—  UN 

00 

*-p-p-*-o-=r 

o 

VO  P—ONO  t— 

voa-OcocMcy> 

P-CO 

m 

unon^t 

UNP— 

ON  r—  ON  r— 

■=r  invocoovo 

com 

-=r  tnmsN 

00  On  ON  ON  On  ON 

ON  CO 

oo 

C — t^-vo 

mm 

CMONO  C-- 

ONcot^-voinin 

moo 

OONCO  0— vO 

C\J»-Oa\OOC— 

in^r 

Ovj 

OONCO 

un^t 

CM  «— ONONP- 

o 

ON  ON  ON  ON  ON  ON 

On  On 

CTscOaocooO 

ooaocot--c-~-[— 

P— C — 

t- 

P-vOvO 

vOvO 

vo  vo  UN  UN  in 

m 

CM  00  00  CM  CM  00 

CM  cm 

00  00  OO  CM  CM 

00  00  00  CM  CM  CM 

CM  CM 

00 

CM  CM  CM 

CM  00 

CM  00  00  CM  CM 

00 

CM  CM  CM  00  CM  CM 

00  00 

CM  CM  CM  CM  CM 

00  CM  00  CM  00  00 

CM  CM 

00 

00  CM  CM 

CM  CM 

CM  CM  CM  CM  CM 

vO 

cr>c\it-«- 

OO 

On 

CM 

comoooN^r 

ONr—  CM  P*~»— 00-^"  UNCO  CM  P^P^-t — 

onon^-  moo^r  on 

oo 

00  CM  CM  00 

OO 

CM 

00  00  CM  «- CM 

COCMCMCM*— 

r-  T— 

CM 

srnrni^ 

i 

CM 

P- 

1 

■=T 

ooomin^r 

00 

OOOOO  —  r-mOOUNf-P-^TP^^ 
i  i  Y  i  i  1*-  i 

CM -=3-  mo  UN  CM  CM 

1 

oo  m 

00 

CO  UNP— OO 

ON 

in 

-=TvO  OVO-=T 

o  mf — onon-=t  p-o  •-  •— oo  c^-oo 

*- oooP~-me^-oo 

muN 

OO 

com  cm  in 

-^r 

C-- 

p- 

■=T  mUNONCO 

O  f- 1~-  CM  «-  LT>  O  <\J  LtMO  CNJ  O  in 

-=T  »-  P^-mUNONP- 

UN  ON 

m 

oo  mo  on 

ON 

oomoNON 

mp~muNo  0-=r  muNm=r »—  o 

^rONUNON^rvoo 

UN 

ONvomoN 

vO 

UN 

0- 

vooooomoN 

cm  p-mco^J-  on-=t  on -3-  on^t  ov=t 

mp-  CM  VO  »—  un  o 

00  00 

UN 

vO  P— COCO 

m 

•=r 

vop-p-oooo 

*-  f-  cm  oo  m<n=r  un  unvovo  c^- 

CO  CO  ON  ON  oo^- 

*-00 

•=r 

^T^rzr^r 

UN 

UN 

UN 

in  in  in  in  un 

vO  vO  VO  vO  VO  vO  vO  vO  vO  vO  vO  vO  vO 

vOvOvOvO  P^P~~P~- 

m 

mmmm 

m 

m 

m 

mmmmm 

mmmmmmmmmmmmm 

mmmmmmm 

mm 

00 

CM  00  CM  CM 

CM 

00 

00 

CM  CM  OO  CM  CM 

OOOOCMOOCMOOCMOOOOCMCMOOOO 

00  00  00  CM  CM  CM  CM 

CM  oo 

o 

CM 

UN 

CM 

*-ON 
CM  CM 

o  on  muNON  moo  vo  onunvo  p-oo  vooo -a*  vo 
CMCMCMCMOOCMCMCM^— CMCM*— •— *— CMCM»— 

O  O  P— P^-P-O 

moo  *-*-*-*- 

ON  O' UN  cm  p^c^moo  o  unooonco 

ONOO  o 

VO 

CM 

■=r  m 

on  in  O' O' <\i  (\j  o  •- t~<o  <- itiphnovo  moo 

iiii  |  ^-  ii  ^| 

ill  i 

ONUNooaNm*- 

i-  t  *-  ! 

1 

vOf-3  00  Ovj  o^r  *-vn*-  UNvOCM 

I  *-11  II 

1 

ino^r 

1 

CM 

UN 

O 

VO 

m 

o 

o 

vO  CM 
in»— 
p-co 
oo  m 

«-»-ONCTNC0OONp— o^r  cm^-  *-vooo  in 
mO  *—  OvO  O  P*-OvO  O  OnvOvOvO  t-OOO 
t-UNCMinomvoooo*-*-*-ooNp-in*- 
vop-aooNO*— cm  m=r-=r  un  in  in  unvovo 

vo  UN  in  in*—  00 
invooooNCM 

(MONCM0000-=r 
VOvOvOvO  UNvO 

moo  OCO  P^  *- O  VO  ONVO  O  ONON 
«—  CM  UNCO  m*“  *— ON-=T^T-=T -=T0O 
00  UN  On -=T  CO  CM  UNvOONO**— 0*0 

in^r  mmoo  oo  o  oao  o>vo  p- 

sm»- 
»—  UNO 
oo  cm  m 
■=r  CM  CM 

P- 

00 

m 

CM 

vo 

CM 

m 

oo 

•=r  m 
00  00 
mm 
00  00 

*—  o  onoooo  p—vo  um=t  moo  *—  o  onoo  p^vo 

(MCMf-f-r-t-i-r-i-r-i-t-r-OOOO 

mmmmmmmmmmmmmmmmm 

CMOOOOOOCMCMCMCMOOCMOOOOCMCMOOOOOO 

-=r  moo  r-ooN 
000000 
mmmmmoo 
oo  oo  (MOO  00  oo 

p-v£>  m^T  moj'-oa't— vo  in^r 
O'  O'  CMT'  O'  CTV»  ao  oo  oooo 

C\J(MC\JC\JC\J(\JC\JC\IC\JOO(NJC\J(\I 
CMC\jC\J(\J(\JCMC\K\JC\JfMC\JC\J<M 

2282 

2281 

2280 

o>-<\j<'rwnvot'-coo,\0'—  <\jrrvr  irivo  t^-ooa'0<-<\jroa-  nvo  r—ooo'O «—  cm  on=r  nn  c~-co  o  >— cm  pnar  nm  t'-co  O' 
<->->->-^»-»-<-"-<-(\jf\JC\ic\j<M(\jc\it\jr^<Mooonmonmmmm(rirrv3-ira-^T^r3-3-3-zra-  nnnnnnnnnn 


■,J» j|  ■>  ■  j,  ij.  ■  J  li  >.■  m  »J.  »Jl  »JI  «JI  U  H  ■>  ■>  'J-  ■  - 11 


o »—  cm  m=r  invo  c — co  on  o  r-  cm  (yvt  mvo  t— co  on  o »—  cm  m^r  invn  t--co  on  o  *—  cm  m=r  mv£>  e— co  on  o  co  m=r  invo  c— co  on 
nOvOvOvOvOvOvOvOvOvO  t*-t— C— e— e— C— F'-C— t— e— COaOOOCOOOcOOOcOOOCOONONO'ONONONONONONO'O  OOOOOOOOO 


(MJ 

^T 

«=r 

e-  r- 

r— 

ON 

vO 

e^- 

vo 

«— 

« —  r* 

»“ 

*-* 

CM 

CO 

■=r  m 

m 

m 

■=r 

r- 

m 

,— 

<r~  *— 

1 

1 

co 

1 

1 

i 

i 

CM  *“*“ 

m 

CM 

vo  m 

■=r 

m 

•=r 

o 

vO 

m*- 

m 

m 

ro  ^r 

r— 

■=T 

vO 

T~ 

m 

CO 

mm 

T— 

m 

m 

vO 

■=r 

o 

ON 

CM 

m 

me— 

m 

CM 

vo  cn 

m 

*— 

e— 

VO 

«— 

m 

•  • 

• 

• 

•  • 

• 

• 

• 

« 

• 

* 

c*-t— 

oo 

ON 

o  *- 

CO 

m 

m 

m 

vo 

vO 

•=r 

■=T 

m  m 

m 

m 

m 

m 

m 

m 

mm 

m 

m 

m  m 

m 

m 

m 

m 

m 

m 

coco 

00 

co 

oo  oo 

CM 

co 

CM 

CM 

CM 

CM 

•=r  t-> 

O  ITiOOzt 

m  ONt- 

mmvor-ON 

vo  ro 

ON 

*— 

•“ 

*- 

CM 

co 

m^- 

m^r  ooo 

oo  e— vo 

coiner  <njoo 

•— vO 

e-- 

vO 

77 

i 

i 

co  *-<- 

1 

1 

1  r- 

1 

1 

» 

mt— vo^=r  ovo 

ro  m 

OvOOOO^O 

VOON 

m 

ON 

vo 

CO  r— 

oo  o 

i-m 

e—  oo -=r 

in  co 

m 

ON 

m 

mvo  me— vom 

ON  covo 

mc\j^-i 

COvO 

e— cm 

ON 

m 

CM 

moo  co  on o> vo 

co  on  in 

C— vOCM 

coco 

vO 

r- 

O 

•  • 

•  • 

•  • 

•  •  * 

•  •  ♦ 

•  • 

■  • 

• 

• 

• 

mcoooNco 

m  CVJ  r— 

oncovo  m— r 

ON  CO 

m 

m 

ON 

mmmm-=»*-=r 

mmmmm 

CM  CM 

CM 

CM 

* — 

CM  CM  CM  CM  CM  CM 

00  coco 

COCO  CM  coco 

COCO 

co 

co 

CM 

co  00  CO  <\J  co  co 

co  coco 

co  oo  rococo 

coco 

CM 

CO 

CM 

Or-^fY^s^s  ovovovommmoNmm  c— -:Tmmm=r  e— -=r  irv=r  ^^^omvomco-=r-=rm=r  inrvvToj  oom 

*—  r-f— »—  *—  *  c\j  m  cvj  *—  »— 


co  lo-=t  vo  c\i  e— «— ose-T— cocot— j3-t— e—coo  m=r  mino  co »—  *— -=r  f—  *—  *—  ommin*— vo «— «—  co  cm  r 


» 


i 


i 


i 


i  I 


i 


i  i  I 


I 


i  I 


co  i 


i  i 


i 


i  i 


-  0-=r 

<\j 


voooco  f—o  ovo  o  co  ovo  m=r  com  mo  m 
^^^e— vo*-co  oocnosONmot— mco  m=x 
mirw  cvj  oco-=r  o  mo  coco  o  rnro^^vo 

voo^coc\jma'fv>oO(noO(nD(7'f\Jin 


ooooirva-  covomcMONCo 

ONCOOCOvOONvD  CM  OON 
maO  ON  CO  1-  cvj  T-  Onv£> 
*—  m^ON(M.=T  c-ON*-m 


<o  r—  vo  mvo  mmmcoo  roinsor-  o 
omvovovoc"-*—  moov=rvo»— ov=rco 

OvO  OvOOO  C<VTCO  NONOmt —  0(\J 

coo  co -=r  mooc^r-  cm  mmcocoo »—  m 


-  m«— 


ONCO  »— 

vo»-m 

•=rmur 

mms 


OomCOfvVT^r^  LOLOvOvO^)Nt-SHX)CO 


mmmmmmmmmmmmmmmcomm 

CXJOOCOCOCXJCOCOCNJOOCOOOCVJOJCVJCOCOOOCO 


O N  ON  ON  ON  O  O  O  O  r—  t— 
C— e— f— C — COCOCOOOcOCO 

mmmmmmmmmco 

coojoococmcooocmcocm 


t—  co  co  co  co  CM  co  mmmromm=r^r^r  z3-=r^=r 
co  ao  oo  co  co  co  co  aO  co  co  co  co  oo  co  co  co  cococo 
mmmmmmmmmmmmmmmm  mmm 
co  co  co  CVJ  co  co  CO  Od  cm  oo  co  co  oo  cm  c\j  co  rococo 


<OO0  y-  ^^Om*-vO^  mcom-r 

CMi-r-  »- 

mm 

omm-=r  *--=t 

0000 

•=rcovo*-> 
co  •— 

on  mo  •=?■■=?■  co  c— 
«-  COCOf- 

^■^tvdon^-  e— o 

CO 

•“*- mvo ^=r  co  o  co  com  o  mo  ctn  o 

*-  i  i  i  i  i 

i 

om 

^-=r  ^moo 

i“  r“ 

e— in 
i  i 

CM^r^=r  ON 

CO  1 

c^co  o  coco  •- c— 

1  1  <- —  1  CO  CM  r— 

1  1  1 

«-  co^r  mmmvo 
i  i  i  »- 

co  e— e— e— *“ -=r  vo  e— vovovocococo  m 
vo  Ovo  in^r  mcocooNOc— oo  f-  m 
m  mvo  m^=r  moco  co*—  m  co  mr-  o 
ononvovo  mmo  owovo  co  cocooo^r 

00  vO 
.=r  m 
•- 
on  On 

•—  mco  mmo 
00  C— 00 00 00 VO 

cm  m»— oooo  c^- 
zr<j\<j\^r  mco 

c-e- 

OV=T 

a\m 

coco 

e— e— m 
osm=r  m 
e-mmoo 
oo-=r  m 

co«—  iomt-coo 
-=r-=r  ^ONinoN^- 
e—  cm  mo  •—  t*— 
t— o  o  mmvn  m 

■=r  m^r  CMm^-m 
ooNinoooi-1- 
oe—  coe— «—  -^ct\ 
coooojcojt  m 

oo  e— vo  m-=r  mco  o  avoo  c~vo  moo 
c— e— c*^*  c— c— e— e— t— vo  vo  vo  vo  vo  vo  vo 
CMOOCOCMCMCOCMOOCMOOCMCMOOCMCM 
CMCOCMCOCOCMCMCJCMCMCOCMCOCMCM 

2259 

2258 

vo^mco*-c7N 
mmmmm-=r 
C0  CM  CO  CM  CM  CM 
co  co  CO  CO  CO  CO 

e— vo 

CM  CM 

CM  CO 

co «— ON  oo 
fl-^mm 
CM  CM  CO  CM 
CM  CO  CO  CO 

m-=r  m«-  ooo  c— 
mmmmmco  co 

CM  CO  CM  CM  CM  CM  CM 
CO  CO  CO  Co  CM  CO  CM 

-=r  mco  o  on  c— vo 

C0CMC0C0*—»—t~ 

CM  CM  CM  CO  CO  CM  CO 
CM  CM  CM  CVJ  CO  CM  CM 

Oi“CowmvD^a>o»-(0(n^m^^<)c>Oi-(owmoc^^o*-(\Jco=rLn^HX5a'Ot-(\jfvvTinvot^co<^ 
^vOvOvOvOvOvOVOvOvOC-C-C^-e— e— e— t^-C— e— e— OOCOOOCOCOCOCOCOCOOOONOnOnOnOnOnOnOnOnOnOOOOOOOOOO 


-v-> 

■V.-iA 


l?-  -P 

.  *  »  V 


"V 


^  * 

%V* 

^  «• ; 

$>v. 

>-v 

i 

V.  -* 


v.vs 


‘  1 


.’.V, 

■•V-Vu 

K'M 


-V*  A.S 


.  *fc> 

y.yv-2 


y-y-y 


t 

r 

t 

! 

i 


210 


VS’.vV.-.s .s-;.'.vy.V.v  nVV.VO.V’.'-V 


‘-V-yy 


i*'  ►  * 

V-V-V-N' 


,  V-  \-N 

■V.V.V.V.V.y.'.  .S  .SA. 


v'vS 


<\jcrw  in 


^CMm=r  invoo-coovO«-ojm^-  mvoo-oOCTvo^-ojmsr  mvoo-aoovOT-ojm 

*-»— r-(\)f\j(\i(\ic\jc\joj(\jrvj(M  mmmoo 


o 


1 

c  » 

m 

in 

OjvO 

»— ojonco 

OVOVt— m-=T 

COOOJVOVO 

1 

o  i 

•- 

0J 

*-  OJ 

•—  Oj  *— 

1 

O  | 

m-=r 

0J 

4,OrVTO'*-(NJ 

ino^r  Ot- 

=t  oaD  oj 

1 

1 

O  l 

i 

*— 

i 

*-  CM 

1  1 

y 

V£> 

OJ 

I 

1 

i 

i 

in  on 

0J 

«—  oj  oj  t—  owo 

in  oj  oo  mm 

ao  or  oooo 

VO 

t 

00  1 

CMOV 

r— 

vo  mvo-^*  ojvo 

ovcoooojm 

^rooocoo 

1 

o  i 

OvOJ 

OO 

vomojcovoo 

o-T-ojinin 

mmoco 

1 

O  1 

in  on 

m 

0-=T 

*-o-=r  «— 

vomaMni- 

rocrun^-vo 

o 

1 

a:  i 

0-00 

m 

■=r  invovo  t^-co 

o^r-cjm 

■=r.=r  mvovo 

r— 

1 

» 

v—  T— 

0J 

CM  CM  CM  CM  CM  OJ 

mmmmm 

mmmmm 

*— 

1 

i 

mon 

m 

mmmmmm 

mmmmm 

mmmmm 

I 

1 

i 

i 

OJ  OJ 

0J 

0J0J 

0J  0J  0J  OJ 

0J0J0J0J0J 

0J0J0J0JCV1 

1 

1 

1 

O  1 

C  1 

vO  OJ 

O 

e^o-=r  oj 

OJOVOJ 

, _ 

inin-sr  moo 

Ovomcjoj 

*“ 

I 

o  i 

•— 

V— 

0J  0J 

t—  •— 

*-  CM  CM 

l- 

I 

O  f 

o  *— 

=T 

vOiTiTJT 

COOJt- 

o 

ov«-mmco 

m=r  ojoom 

T— 

1 

1  1 

T— 

| 

i 

1 

»— 

i  i  «- 

I  »-«-CM 

*- 

1 

O  1 

1 

1 

1 

1 

1 

t^-vO 

00 

cot--oooj 

t~  om 

0- 

o' O'*- cm  c— 

NCOOOO'S 

1 

00  1 

JTvO 

vO 

C'-OJC'-OJ 

ovmov 

oo-=r^=rav-=r 

o\omr-fM 

1 

O  1 

oo 

0J 

■n 

oo-m 

■=r 

c— co  m«— vo 

vO«“lOS^ 

1 

O  1 

vO  00 

in 

coov«- 

0J 

invoc^- 

av 

ojoj-=r^r  m 

'OvOt^'OOO 

1 

CL  1 

OOV 

vO 

=r  mmoj 

OCTVX5 

vo 

4-m(\jr-o 

oo  c^-vo  m-=r 

I 

1 

«-o 

o 

oooo 

OOVOV 

av 

OvOv  OvOVOv 

ooooaoaooo 

I 

1 

mm 

m 

mmmm 

mojoj 

OJ 

0J  CJOJOJOJ 

ojojojojoj 

1 

1 

0J0J 

OJ 

CJOJOJOJ 

0J0J0J 

OJ 

0J0J  0J  0J  0J 

CM  CM  CM  CM  CM 

o-m 

vo 

i 

i 

i 

i 

1 

1 

1 

O  1 

OO 

in 

o 

Ov 

C**-  1 

i 

1 

c  \ 

m*—  <r—  ovoo  mvo  co  mmvo^r 

0— 

^T 

*- 

0J  1 

i 

1 

n  1 

CM 

OJ  *—  cm  »—  *— 

0J 

OJ 

OOJ 

0J 

1 

-=r  i 

i 

i 

1 

1 

1 

O  1 

■=r 

vo 

0J 

«-  mov  o  mov  m  oj  o-=r  in  o-  m 

m 

0- 

o 

*“ 

0J  | 

i 

i 

i 

1 

1 

1  1 
O  1 

T~ 

*“ 

T 

1  1  Oj  *—  |  | 

i  i  i 

i 

*“ 

*“ 

con 

C*— 

i 

in  » 

1  VO 
1  CM 

1 

1 

1 

VO 

av 

CMvO»— vOt^*— CM«— (MCMOvO*— 

t- 

m 

vo-=r 

00 

O  1 

I  VO 

1 

0)  1 

O 

OJ 

■=r 

VO 

m«-co  o  mvo  *— vo  r~  o  vo-=r  ov 

co 

0- 

Ov 

O  *“ 

m 

OO  1 

1 

1 

&  1 

CO 

o 

r*- 

in 

t-invo  mmooco  *— oojonovo 

o 

OV 

m 

C—ON 

o 

r-  | 

1 

1 

O  1 

t- 

m 

OJ 

oo  m  oj  ov vo  cm  ovvo  mov  m  oj  oo 

vo 

O 

OJ 

•  • 

■ 

1  0J 

1 

1 

• 

• 

• 

• 

•  •••••••••«•• 

• 

• 

• 

■=r-=r 

m 

in  i 

I  o 

1 

CE  1 

VO 

00 

m 

zr  mvo  vo  t^-oo  oo  o>  o  o  •-  oj  oj 

^r 

o- 

OO 

oooo 

oo 

OO  1 

1  1 — 

1 

1 

T— 

r- 

0J 

0J 

ojojCMCjojojcjcj  mmmmm 

m 

m 

m 

mm 

m 

m  i 

|  r— 

1 

1 

m 

m 

m 

m 

mmmmmmmmmmmmm 

m 

m 

m 

0J  OJ 

0J 

0J  1 

i 

1 

1 

1 

1 

OJ 

OJ 

OJ 

OJ 

CMCMCMCMCMCMOJCMCMCMCMCJCM 

CM 

CM 

CM 

i 

i 

vo.=r^r  ov  i 

1 

1  1 

1 

I 

1 

1 

O  1 

C  1 

ojin 

•=rvo  mvoovcomm 

OVO 

movovov 

t^vovo  <M  O' CTn  •— CT'OO  OO 

i 

!  00 

1 

n>  1 

OJ 

•—  0J  CM 

CM  OVOO  r—  1 

i 

1 

O  I 

om 

ovo  mm«—  msm 

oo- 

c^-w-o^r 

o— ojt— omOi— «— oj  m^  m 

1  1 

1  r— 

1 

1  1 

0J 

r-  0JT-  1  1  1 

t-  i  i 

1  1  1  -« —  «—  CM  1  0J 

1 

1  r— 

1 

O  1 

1  1 

1 

i 

1  1  1 

voco »—  m  i 

1 

1 

CT)f- 

m=x  ovovo>  ao  o  CM 

m=r 

mvo  ovo 

ov  cm  m »—  oo  mco  o-oo  oo 

COr-m^  } 

1 

1 

0)  1 

ojm 

ov-=r  oooovoj  m*- 

mm 

m^r  o-oo 

t^-CT'3-  ■—  OO  t^vO  •—  <—  CVJ  f-t— 

mi-vo^-  i 

1 

1 

O  1 

vOC- 

vo^r^r  ovco  m«-ir 

CM  OV 

zr  ojt—m 

oj  vo  ov  moo  mco  m  cm  m 

mt-vooo  | 

1 

1 

O  1 

vOOO 

cm  vo  o-  ov  i-  on=r 

t-CO 

*-f\]m^T 

vo  r- O'  O'  O  O  «—  >—  CM  CVJ  OO 

ror-oco  ! 

f 

1 

CL  ! 

mc\j 

•—  o  f-vo  in 

moj 

r-OO  00 

vo  rocvi  oj »—  o  o'  oo  t^-vo 

1 

1 

1 

1 

« —  *— 

T-r-OOOOOO 

oo 

ooovav 

Ov  Ov  O' ov  Ov  Ov  O' OvCO 00 00 CO 

CJOJOJOJ  1 

1 

1 

1 

mm 

mmmmmmmm 

mm 

mmojoj 

OJCMOJCMOJCJOJOJOJCMCMCJ 

CJOJOJOJ  1 

1 

1 

1 

1 

1 

1 

1 

0J0J 

0J  CM  0J  OJ  0J  CM  CM  CM 

CM  CM 

CM  CM  CM  CM 

OJOJOJCMCMOJOJOJOJCMOJOJ 

o*- oj  m=r  in 


*-d 


r-  c\j  m=r  mvo  t*-co  ov  o «-  cm  m^r  mvo  o-oo  ov  o  «—  cm  m=r  mvo  c^-oo  ovo *—  <\i  m 

cmojojcmojojojojcmcm  mmmm 


^ 


^invoc^<»o^o^cvjro^invDc-<DONO*--cvifvv3-Ln^oc^-coo>o«--c\jrozr  mvot--cooNO  — cm<vvt  mvo  scot^Or-  c\j  on 


mmroromavr  rr  -=r  ir  zr  =. 

rzrz: 

r  iriinu'>irunirufufurunvooovo^£>oovij^o<^>vov£>t--t— t— t--t— [--00000000 

vO 

c--.=r 

CMin  — o 

GO 

vOvO 

moo^Or-m 

onc — moooo  t — —  o 

t- 

CM 

CM  t— 

*- 

»— *—  — «—  — *— 

■” 

in 

oro 

mcxjmry 

m 

r-— 

(Mm^OCO^T 

ONvo-=r^r  c^cMONm 

T~ 

—  l 

T 

*“■ 

i  t 

i  —  i 

T 

cm 

com 

m-=T-=rvo 

oo 

mm 

c^m 

ctnocococo 

*—zr  •—  mcM  —  ONm 

CM 

=T 

me-. 

t— vocm 

r— 

vO  — 

COC"- 

vO  CM  00  —  CM 

zr  o  'Xi  on  t—vo  o>  r\j 

r— 

zr 

mo 

vo  mvo  cm 

CO 

CM  CM 

ON  ON 

mmvovo  r- 

mmoo  mmm=r 

CO 

CM 

mov 

o  mom 

zr 

a\ro 

VDr- 

CMt'-Ov^vO 

moo  O  mvo  »-  c\j  c— 

CO 

•  •  •  • 

t- 

coco 

cm  cm  mm 

=x 

mvo 

ONQ 

—  —  —  CM  CM 

mm=r^r-^-  inrnin 

MO 

m 

mm 

^r-=r^-zr 

=T 

^■zr 

•=?■  m 

mmmmm 

mm mm mm mm 

m 

m 

mm 

mmmm 

m 

mm 

mm 

mmmmm 

mmmmmmmm 

m 

cm 

CM(M 

CM  (M  CM  CM 

CM 

CM  CM 

CM  CM 

CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM 

CM 

-=r  mcM  *—  O-^r 

CO 

zr  mvo  t--voco-=r  o 

m 

CM 

comm«- 

*- 

O' 

*—co  oo  mc^-cTv-=r  mm 

m 

C^ 

—  — CM  — — 

CM 

(M 

""" 

*- 

*“ 

CM*- 

— vo  moo  c — cm 

C“- 

(Mvo-=r  (MmcMrn 

CO 

C^ 

*—  *—  CM  »— 

CM  VO 

vO 

co  •—  cm  m»-  o  mmcM 

m 

CM 

I  «-  i  — 

CM 

1  1  »  CM 

V  1  *” 

1  r- 
1 

CM 

1 

CM  CM  II  •-  I  1 

1  1 

i 

1 

mmvo  cm 

VO 

mcM  cm-=t  «=r  m-=r  e— 

o> 

O' 

mCM-=TvO 

^Tvo 

mcM  o »—  m  c — vo  -=r  vo  m 

CM 

m 

m^r  t—.=r  mm 

C-- 

C-- O  t — CMCTvmkO 

ZT 

m 

C--COOMO 

O'  oo 

t^- 

cm  oc^-mmt—  ovoooo 

o 

o 

o^r  —  mo.=r 

O 

•-  vo  o  int-r- «—  mo 

CM 

O' 

momm 

moj 

r-~ 

O^-OCMoOf-^3- 

vO 

CM 

r-oo  c^-co  r--co 

ao 

mvo^r  mcM^r  *-  cm 

cm^-^»~ 

com 

o^ 

vococm-=t  N-ommco  •— 

oO 

m 

• 

• 

• 

•  •  •  • 

•  • 

• 

• 

• 

mcM  —  oonco 

vO 

mcM »—  o  o>  oo  r-m 

CM 

O 

cosinm 

CM  t— 

00 

vo  m-=r  m«—  O'  covovo 

r— 

O' 

cocoaoao  e— t-- 

C-- 

C —  c^-  e — vO  vOvD^O 

VO 

vO 

mmmm 

mm 

-=r 

-=r  .=r  -=r  ^  -=r  mmmm 

m 

CM 

CM  (MCM  CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM  CM  CM 

CM 

CM 

CM  CM  CM  CM 

CM  CM 

CM 

CMCMCMCMCMCMCMCMCMCM 

CM 

CM 

CM  CM  (M  CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM  CM  CM 

CM 

CM 

CM  CM  CM  CM 

CM  CM 

CM 

CMCMCMCMCMCMCMCMCMCM 

CM 

CM 

00 

O 

00  CM  COCOCOOMACO  vO 

C—CTV 

CM 

m^r  Ovo-=r 

m 

r- 

vo 

m 

00 

m 

CM 

CM  CM  •— 

CM 

m 

•-m  CMOOt--— CM  CM 

vo 

(M— OVC-  — 

•=r 

vO 

— 

O 

— 

1 

1 

—  1  1  CM  — 

1  1  1 

T— 

1 

1  1  1 

1 

i 

m 

o 

lOr-  O'lt — C\J  O  C — CO  OJ 

o  — 

m 

O’vaoavoo  — 

m 

m 

ON 

CM 

ON 

m 

m 

CTi  OJO'— C--OJ^-  O 

c^o 

m 

cOOOC^vO 

-=r 

vo 

CM 

CM 

o 

vO 

ovo  cm  o  m  cm  m.  cm  cr\ 

—  vo 

m 

irwoo'OO' 

m 

vO 

C- 

»— 

m 

m 

oo 

m 

vO—  CM  t — CM  C— CM  t--  vO 

—  m 

■=r 

t*-—  mo  m 

O' 

vo 

m 

ON 

m 

• 

• 

•  •  ••••••  • 

•  • 

• 

• 

• 

• 

• 

• 

• 

00 

o 

—  cm  mm=r  mm  vo 

cooo 

O' 

o  —  —  CM  CM 

m 

•=r 

m 

VO 

t-- 

OO 

m 

■=r 

srzr  zt^r^T^TsT^r  =r 

^r-=r 

■=r 

ininirunin 

m 

m 

m 

m 

m 

m 

m 

m 

mm  mmmmmm  m 

mm 

m 

mmmmm 

m 

m 

m 

m 

m 

m 

CM 

CM 

(MCM  CM  CM  <M  CM  CM  CM  CM 

CM  CM 

CM 

CM  CM  CM  CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

Ov«- 

o 

—  m  c— ovvomt—  o>vo 

ocvvocom— 

cr\=T  CT'lT\ZT 

00 

m 

CM 

m 

m 

t- 

*- 

—  —  —  CM  — 

—  CM  CM 

CM 

CM 

*- 

CO 

cmcovo  mmc^-mm  moo 

^rvot^r- 

—  o 

zr  mvo^r  m 

00 

m 

CM 

m 

ON 

CM 

1 

1  1  —  —  CM  1 

1  » 

1  1  CM  — 

CM 

1  1  CM 

i 

1 

1 

(MO 

r^xoo  m*-mc^m  cm  c^- 

mcMmmo-=r 

-=xvo—  -=r  t-- 

O 

C— 

00 

zr 

ZT 

mm 

vomm  oo'omc'  ao  •— 

momovovm 

CM  ON  (VXD 

c— 

■=r 

ON 

■=r 

m 

ON 

f-oo 

ooo  co  in  yom 

--  h-mcOoDOO 

mmoNco  cm 

CM 

o 

m 

ON 

m 

ON 

cm  m 

-=r  m=r  mcMm*—  cm  O'O 

ovo  mcM 

o  —  c--oom 

CM 

ON 

m 

ON 

m^r 

CM 

—  o  co  t — vo  m^r  o  o 

c—vo  irv=r  mcM 

o  o>  t'—vo  m 

m 

o 

CO 

vO 

oo 

vO 

oo  co 

ooooco  t— r-c— c-c—  t—r— 

vOvOvOvOvOvO 

vo  mmmm 

m 

m 

ZT 

m 

m 

CM  CM 

(MC\J(\J  (\l  C\J  <M  <NJ  CO  COCO 

CM  CM  CM  CM  (MCM 

CM  CM  CM  CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

00  OJ  CO  CO  OJ  C\J 

CM  CM  CM  CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

•=r  mvo  r— co  on  o  —  cm  ro^r  mvo  c*-oo  on  o  —  cm  m=r  laoc^-coono  — CMm=r  mvo  r--co  ono —  cm  mzr  mvo  t— co  on  o —  cm  on 
m  m  m  m  m  m=r  =t  zt  ^  zt  <=r  zt  zt  m  in  in  in  in  in  in  in  in  in vo  vo vo  vo  vo  vo  vo vo  vo  vo  t--  r—  t-- t*-  t^- c--  t-- t-~  t--  h-oo  co  oo  co 


'a.  *  *.-  ‘j-  v  v  v  /  v  v  v  /  >v.  /  / 


S#1 


*  V  .* 

^A- 

r.* 

r.V.V 

#■.**' 


% 

v; 


v:v::j 


212 


■=r  mm  t— ooo^o *—  oj  co=r  mm  t— co 

cooooocoooco<tnononononctnononon 


c\J  rr\=r  mm  t— oo  on  o «-  cvj  cost  mm  t— co  on  o  *-  cvj  cost  in 

*-*—*—*—*—,—  «—«—*-*— CVJCVJOJOJCVJOJ 


*■3  I 


o 


CVJ 

CVJ  OO  00 

1 

1 

1 

V  I 

C  1 

00*- 

00  ST 

a> 

c— com  c— m 

CVJ 

00  CVJ 

1 

1 

1 

1 

1 

1 

n>  1 

CVI  *— 

r- 

oo 

CVJ 

*-*-  CVJ 

C-- 

VO  *—  *— 

1 

f 

1 

1 

1 

CJ  | 

OvCVJt'-r- 

oo 

o 

NCOO  c—  *— 

00*- 
1  1 

1 

1 

1 

1 

1 

1 

VO 

1 

1 

1 

1  1 

O  1 

1 

00  1 

1  1 

00 

^T 

1 

*-,-  CO  1 
i  I 

-=r 

VOt-ON 

1 

1 

oo 

1 

1 

o-=r  in  in 

VO 

CO 

aot—sr  cvjon 

o 

ov=tco 

1 

t 

vO 

1 

CO  1 

00*- 

t-co 

T— 

00 

C — OJvO  OCVI 

00 

ovoo  m 

1 

1 

1 

O  1 

-=rm  c— ao 

in 

sr 

inoro  ovr- 

o> 

rococo 

1 

1 

1 

O  l 

cvjowom 

CO 

00 

*-co-=r  vo  co 

• 

«  «  • 

1 

1 

« — 

f 

1 

■  • 

•  • 

• 

• 

• 

•  »  *  • 

t- 

00  OOOO 

1 

1 

, — 

1 

CC  1 

mmmr— 

o 

CVJ 

in  von 

LTV 

in  in  in 

1 

1 

00 

1 

1 

oooo 

V— 

, — 

< — 

— , —  , — « — 

on 

rococo 

1 

1 

oo 

1 

l 

on  on  co  co 

CO 

CO 

cococo  coco 

00 

CO  00  CVJ 

1 

1 

1 

1 

o 

1 

1 

1 

1 

CO  CVJ  00  CVJ 

CVJ 

00 

OOCVJCVI  CVICVJ 

(\j^r 

avoincvj 

e- 

oo 

1 

1 

1 

1 

1 

1 

1 

O  1 

C  1 

COC— t— 

o 

00 

CVJ 

VO  CVJ 

00 

t—  i — 

1 

1 

« — 

1 

o  1 

00,- 

*— 

V— 

r— 

1 

1 

CVJ 

I 

f 

vO  CVJ 

oaoirvr 

in 

00 

1 

1 

00 

1 

o  I 

inoo 

-=r 

sr 

-=r 

mt— 

00  1 

« —  r- 

1 

1 

CVJ 

1 

1  1 

■=r  *- 

1 

i 

i 

1  »- 

1 

1 

1 

1 

1 

o 

1 

O  1 

i  i 

*-  c— 

t— m  CVJ  O 

vO 

in 

\ 

1 

1 

1 

1 

1 

1 

co=roo 

w _ 

erv 

oo 

moo 

•=r  t- 

-=ton*— m 

C- 

*— 

\ 

1 

1 

CO  1 

co*—  o 

t— 

-=r 

t— 

vOOO 

inm 

oo  in  on  cvj 

vO 

t- 

1 

1 

1 

O  1 

ONcot— 

in 

o 

■=T  CO 

t"-0 

^  inooov 

00 

On 

1 

1 

1 

o  i 

CVJsTvO 

co 

CVJ 

in 

t — CO 

•  • 

•  •  •  • 

• 

• 

1 

1 

1 

1 

•  •  • 

• 

■ 

• 

•  « 

mvO 

m*-ooo 

vO 

CVJ 

1 

1 

1 

CL  I 

in-=r  co 

o 

in 

00 

OOV 

oooo 

CVJ  00  CVJ  T— 

1 

1 

1 

1 

OnOnO> 

O' 

co 

CO 

aoc— 

CVJ  CVJ 

00  00  00  00 

CVJ 

00 

1 

1 

1 

1 

00  00  cvj 

00 

00 

00 

00  CVJ 

00  00 

00  00  CVJ  oo 

oo 

00 

1 

1 

1 

1 

1 

< 

1 

CVJ  00  00 

00 

CVJ 

oo 

CVJ  CVJ 

o 

1 

! 

1 

1 

1 

» 

a  i 
C  1 

■=T.=rsT 

in 

mo- 

oo  co  ^-co  oo  coco  oo  *- oo  o  m 

1 rv=r 

1— 

*- 

1 

1 

1 

3  1 

*- 

r— 

00 

00*-  <-  CVJ  *-*-00(VJCVJ 

r—  * — 

o 

1 

1 

1 

a  i 

coo*- 

o 

COST 

cvj  co*-  cvj  t— -=r  m  co  cvj  oom  m 

av=r 

Y 

*■" 

1 

1 

1 

1 

1 

1 

1  t 
O  1 

1  *- 

00 

CO  1  *- 

i  i 

1 

0- 

sr 

1 

1 

1  VO 

1  oo 

1 

1 

1 

1 

COt^-flO 

coco 

mcoov*— m*-o^=r  c^-oomoo 

COST 

CO 

vo 

1 

1  vo 

1 

(0  1 

^r-=rvo 

in 

oo 

c- on  on  oo  oo  co  t- ov  o  m  coov 

C-O 

00 

*— 

1 

1 

1 

-O  1 

in*-vo 

in 

cvj:=r 

vommmsr  cvj  ovo  coco  cot— 

vo 

VO 

1 

1 

1 

O  1 

•=r  ooov 

•ST 

ONVO 

Oc— -=r  *-oomoocom*-ao^r 

t—  OO 

O' 

o 

1 

1  o 

1 

CC  1 

vO  C — C*— 

o*- 

(vyrVT  in  invo  t-OO  C7S  o 

*-  CVJ 

in 

vo 

1 

1  oo 

1 

1 

00  00  00 

00 

coco 

co  coco  co  co  co  co  co  co  co  co=r 

^T-sr 

co 

CO 

1 

1  CVJ 

1 

1 

cococo 

CO 

coco 

CO  CO  CO  CO  co  co  coco  CO  CO  CO  CO 

com 

OJ 

oo 

1 

1 

1  o 

1 

1 

1 

1 

1 

oooooo 

00 

cvj  cvj 

CVJCVJCOCVICVJCVJCOCVJCVJCOCVJCVJ 

CVJ  CVJ 

CVJ 

o 

vo 

in 

CO 

OV 

1 

0-  1 

1  1 

1 

1 

1 

O  1 
C  1 

VOO 

OvOvO 

OmCTNCVJVOoOaO*— VOCOCOO 

0 

*” 

] 

[ 

1 

r>  i 

in 

in 

■=T 

vO 

CO 

t— 

VO 

co  i 

1  Kj 

1 

O  1 

■=r  c- 

0— CVJ 

mro  coco  o  cvj  o  comm  o  m 

0 

1 

1 

r- 

*—  1 

1  CVJ 

1 

1  1 

*-  1 

1  1 

*-  i  i  ^  it 

1 

1 

1 

I  o 

1 

o  1 

i 

o 

o 

OO 

0O 

CO 

CVJ 

CO  1 

1 

1 

1 

00  VO 

CVJ  r— VO 

*=r  ovomm  moNt— oovmav 

, _ 

*— 

*— 

*— 

CO 

oo 

CO 

t-  1 

1 

1 

00  1 

ZT  O 

srcoin 

cvj -st  ^  m  cvj  rg  m  m  mmt— 

00 

On 

-=T 

0- 

c— 

VO 

CVJ 

vo 

CO  1 

I 

1 

O  1 

c*-t- 

O0-CT 

m  cvj  moo  O  *-  CVJ  CVJ  CVJ  *-  On 

ST 

av 

■=T 

00 

CVJ 

vO 

o 

CO 

vo  1 

1 

1 

O  1 

C-OV 

MOO 

co=r  m  t— <©  o  *-  oj  co=t  m  m 

t— 

co 

vo 

CO 

V— 

CO 

VO 

CO 

O  1 

1 

1 

a.  i 

*—  o 

O-vOvO 

■st  coevj  r-  ooonco  t— m  msr 

CVJ 

00 

00 

CVJ 

CVJ 

+— 

*— 

* —  1 

1 

1 

1 

00  OJ 

« — 

*-*-*-*-*-*-000000 

O 

CVJ 

00 

CVJ 

CVJ 

oo 

00 

CVJ 

OJ  1 

1 

1 

1 

COCO 

COCOCC 

mmmmmmmmcommm 

m 

CVJ 

CVJ 

00 

00 

00 

CVI 

00 

00  1 

1 

t 

1 

1 

1 

1 

1 

CVJ  CVJ 

CVJCVJOO 

CVJCVJCVJCVJCVJCVJCVJ(VJCVJCVJCVJCVJ 

CVJ 

•=5"  invo 

r-cooNO 

1 

*-  00  COST  invo  C— CO  1 

1 

1 

1 

1 

1 

-D  1 

oo  co=r  mvo  o-oo  on  o 

*— cvj  cost  mm  t— co  on  0  *— cvj  co^- m 

OOOOOOcOCOaO  O' ON  ON  O' On  O' On  O' On  1 

1 

1 

1 

*— 

*-*-*-*-*-*-*-*— *-CviCVJCVlCVJCVJ(\J 

invot^oocr»o»- ourr«-  unvo^-oo  on  Of-- c\icoiT  invo  t-oooNO*-  cMm=r  invoc^-oo  on  o  *—  cm  m^r  ^ 
cm  cm  cm  cm  m  mm  men  mmoncom=r-=r.=r -3- ^-sr-zr-sy^-zr  ininininininininininvovoiovovovovovovo'nr-c— r-c— t— t— 


t- 

LTi 

vO 

ojon 

r-CM 

on 

O' 

o 

in 

■=rvo^r 

in^r 

4-n 

ON 

m 

CM 

00 

in 

in 

1 

on 

t>- 

ono 

CM 

i 

cm 

i 

■3“ 

vO 

t— VO  CM 

I  I 

■=r  *- 
i  *- 

onco 

on 

i 

3- 

CO 

o 

on 

-3- 

1 

3- 

on 

vo 

3-  on 

o 

o 

vO 

on 

vo^r  c— 

on  in 

on  3- 

3- 

f- 

o 

o 

on 

3- 

e— 

vO 

=r  on 

T— 

on 

*— 

CM 

o  c — c — 

cm  3- 

on  co 

ON 

t- 

on 

3- 

in 

in 

CM 

cm 

on 

VO  *— 

on 

0- 

O 

■=T 

C^=3-00 

cm  on 

VOON 

ON 

CM 

vo 

r- 

on 

in 

on 

C*- 

CO 

on 

on 

-3 

00 

C— CMvO 

o.=r 

CM  VO 

3- 

VO 

on 

o 

*“ 

o 

r- 

On 

o 

on  on 

in 

vO 

00 

ON 

O*-^ 

onon 

3-3- 

in 

vO 

c- 

CO 

O' 

o 

*— 

*— 

C\J 

CXJOU 

CM 

CM 

CM 

CM 

on  on  on 

onm 

onon 

on 

on 

on 

on 

on 

-=T 

on 

on 

on 

on  on 

on 

on 

on 

on 

on  on  on 

onon 

onon 

on 

on 

on 

on 

on 

on 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM  CM  CM 

CM  CM 

CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

oin 

^roin 

CO  vO«— 

3T 

00 

0— vO 

incovoc7Nin*=r  on 

onco 

-=r 

3- 

■=r 

cm  0-0—00  o *—  on  on 

*“  t— 

» —  r- 

CM  «— 

»— 

CM 

CM 

*— 

CM  *—  «-  CM  « — 

•=r  O 

co^rvo 

VO^-CM 

o 

vO 

3-  on 

CMinCMC—vO*-*- 

«— VO 

3- 

on 

-=y 

ON  CM  CM  0--=r  vo  CM  C— 

1  T- 

i  i 

CM  *~ 

1 

1  y 

CM  1  1  1  1 

1 

1 

CM 

1  1  CM  «—  «—  1  *-  *— 

1  1  1 

•3"  t- 

OMO 

r-mm 

on 

vO 

CM  O 

onoosoooon 

voin 

on 

OO 

3 

OvOCMOr-CMC-t— 

COO 

on=ro 

o>  oom 

t— 

C- 

CM  O 

invooc—ovoin 

t— m 

in 

ON 

« — 

00  VO  O' CM  CM  o  in  vo 

ono 

o^r  co 

'OSN 

CM 

in 

CMvO 

cm  inc— coononco 

in-3- 

oo 

O' 

ON 

vo  o  on  on*-  moN  o 

*—  CM 

on  onon 

3-3-3- 

3- 

on 

CM  «— 

oonco  o-vo  m=r 

CM  *— 

oo 

in 

CM 

c— vo  on  cm  ooo  in«=r 

•  • 

•  •  • 

•  •  • 

• 

• 

•  • 

•  •••••• 

•  ■ 

• 

• 

• 

vo  in 

mcM*- 

c—voin 

*— 

O' 

vein 

m*—  O  ON  CO  C*— vO 

3-  on 

o 

CO 

vO 

cm  *-  o  oncovo  in^r 

t^c— 

f —  c— -c— - 

vovovo 

VO 

in 

in  in 

ininin-3-3-3'3- 

^■■=T 

3- 

on 

on 

on  on  on  cm  cm  cm  cm  cm 

CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

CM 

(M  CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM 

CM 

CM 

CM 

CM  CM  CM  CM  CM  CM  CM  CM 

CM  CM 

CM  CM  CM 

CM  CM  CM 

CM 

CM 

CM  CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM 

CM 

CM 

CM 

CM  Ovi  CM  CM  CM  CM  CM  CM 

m=r  in  in  cm 

*— v03- 

ON 

ON 

o  CM  CM  ON 

in*-^r  c— voonon 

*— 

on 

CO0O  t— vO 

voonooc-inoN 

vo-=r 

*-*-*—  r-  ^ 

« —  *— 

*-,—  *- 

*-*-*—  *- 

CM 

*—  CM CM 

on  on  on*- on 

vO  CM  CM 

CM 

CM 

*-^ONon 

c— «=r  *-- ^-in*-CM 

CM 

r- 

cmjt  *-in 

cmo-=t  onvoin 

on*- 

i  i  i 

1 

1 

i  i 

I  i  I  i  t  i 

r_ 

1 

i 

*—  CM  *—  *- 
1  1  1 

r-cot—  cm  in 

*— oor- 

in 

CM 

xot— -=r  on 

moo  ono  onvo 

on 

CO 

OONOOO 

-=roo-=r  cmon^t 

»— 

O  O  C — 00  CM 

onvot- 

C— 

o 

oo  *—  *-on 

ON^r  CM-=T  ONCO  CM 

*— 

covot—  in 

COOOCO  t— CO 

coon 

ONOOOO 

0— =T  *— 

OO 

C'- 

cm  mvo  0- 

voin^a-  *— oo-=r  *— 

o 

on  in -=r  in 

CM  ONCO  CM  o  m 

c— -co 

OnvO  CM0O-=T 

in*-  c— 

on 

■=r 

inoino 

oinoinoN^-ai 

CM 

*— 

ONont--*- 

oncmvoo^t  c— 

C-O 

•  •  •  •  • 

•  •  ■ 

• 

• 

•  *  •  • 

•  •••••• 

• 

• 

•  •  •  • 

•  • 

cm  m3- 3-  in 

vor-t*- 

ON 

o 

»-  CM  cm  on 

inininvovo 

00 

O' 

ONOO*- 

t—  cm  cm  ononon 

•=r  in 

JZTZTZTZTZT 

3-33- 

3 

in 

in  in  in  in 

in  in  in  in  in  in  in 

in 

in 

invovovo 

vOvDvO  vOvOvO 

vOvO 

cnmmmm 

on  on  on 

on 

on 

on  on  on  on 

on  on  on  on  on  on  on 

on 

on 

mcncnm 

onononmonon 

onm 

CM  CM  CM  CM  CM 

CM  CM  CM 

CM 

CM 

CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM 

CM 

CM 

CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM 

CM  CM 

co  cmooo  o  t—  o  oj  c^vo  o  ctn  cm  m»o  t^CO  O  O'!  O  C'-  ^  in 

inmcMCM*— 
*-*-*- CM 

CM 

O'  on  mvo  c*-*— 
CM  *—  «- 

00  VO  C^-COVOON 

■=r  *- in  *-o  o  cm  cm  O' on*— *-^r  cm-=t*— vovoo*-*— *-o-incMco  r- 

l  *-  1  1  1  1  1  f  II  II 

1 

*-monooin 

1  1  *- 

ON 

in^r  mm  on 

1  1  CM*-  1 

cm  *—  inmca? 

i  i  i 

incr>c\Jco^vocriCT'vD-=r  t^-r-oo  rc>oc\joocTiOMncoin'=r=r  coco 
vo  ONVD  O  VO  O  O' <\J  O  CT'^O  CO<^  rooo  O  CM  C\J  CM  onco  O' cyv 
» —  c — cm  c--cm  unoo  cm-^t  icvT  ^  oor—  O'VO  cno'^T  O' mt^  O' cm  cnun 
00W!J'OiOOO'-^t-r-i-^f-^OOOO<O'®C0S'O'OU'3' 

o  cm  mONo 
c — -=r  CM-=r  in 
vmnincM*- 
CM*- OONOO 

OO 

m 

in 

in 

t— mvovoom 
voor-ocoi n 
voovococMm 
cm  *—  o»  c — vo^r 

invovo  in-^oo 
vot^inf-o^r 
vOONC— O'  VO  c— 
OCOvO-3-  CM  O 

»-  o  O'Coco  c-Ma  cn^r  cocm  r-  o  o\  co  un  c*icm  »-  o  O'®  in 

oooi  O' O' O' o>  O' o>  O' o\  O'O'®®®®®®®®®  t — t — c — c^e~— 
COcnCM  CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

mcM»-o^o 

0— C — vOvO 
CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 

VO 

vO 

CM 

CM 

m*—  o  onoo 
vo  vovovo  in  in 
CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM 

vo^r  mcM*-  o 
in  in  in  in  in  in 

CM  CM  CM  CM  CM  CM 
CM  CM  (M  CM  CM  CM 

no  r— ooono  *-  cm  m3*  invo  c— coono«—  cm  m^r  invo  t— ooono«—  CMmsr  invo  c— -oo  on  o  *—  c\j  m=r  invo  c— coono «—  c\i  m=r  lo 
cm  cm  cm  cm  mmmmmmmcnmm3’-3‘.=T-3“.3';3-.3“-3“.3‘3‘  in  in  in  in  in  in  in  in  in  invo  vovovo  vovovo  vovovo  t- — ^ — t — c — t —  t — 


2365.7179  -1  4  222H 


w  w  a  'A  '-VTN  '.V 'A  ,V’V-,V.». 


Yj 


K 


V.V 


R 


co  ago  la  in 


c^m=r  inb- 

OJt-  t- 


MDCOcO 


-=T  CT>CM  ACM  VO  ^TVO^-CO 
CM  r-  CM  <—  *—  «-  »-  «— 


CM 


CO 

CM 


VOCQVO  «-  ao 
m»-m  i  | 


t-  c^-oo  on 
i  I  *- 


■=T  CM  CO 


VOON^C\Jr- 

CM  t—  CM  «—  »— 
I 


vo  incnt—vo 

I  I  I  r- 

I 


CO 

1 


co  com 

CO 

00 

A 

CMvOC- 

r— 

«-vO  »- 

A  C—CMvOCO 

r— 

CM  OOvCM 

A 

t—  OvO 

co 

C-- 

mCM  A 

moN 

t'-ov=r 

CM  CM «—  C^-CM 

A 

OvO  r-  CM 

A 

A 

t-coco 

A 

r— 

^r 

CO  O  «— 

CM  «- 

ov  AO 

on  AGO  CO  O 

O 

co-=r  coco 

A 

On 

CMOvvO 

*— 

CMOnA 

t'-m 

*-  t^-m 

<^-=T  O 

O 

ov^rom 

C— 

■=r 

■i 


L. 

O^CTnO 

CM 

^p 

VO 

CT^OvO 

«-CM 

A  AvO 

c — coco  OvO 

CM  cm  m 

.rr 

vO 

r. 

OO^ 

r— 

, — 

, — 

* —  *—  CM 

CM  CM 

CM  CM  CM 

CM  CM  CM  CM  m 

m 

mmmm 

m 

m 

r- 

mmm 

m 

CO 

CO 

mmm 

mm 

mmm 

commmm 

m 

mmmm 

m 

m 

K 

CM  CM  CM 

CM 

CM 

CM 

CM  CM  CM 

CM  CM 

CM  CM  CM 

CM  CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM 

CM 

*  j  vv  / 


' ,  *v»c.  r.  v.  ►  .  /  v  'j*  v*.  .*  ■> 


-*  ^  ^  ->  \  .v  v  v  v 


^rm 

m 

vO 

1 

1  1 

C  1 

loco  o  vo  cm  -=r 

ON 

CM  t— 

*- 

<— 

CM 

1 

1  1 

O  1 

CM 

(MvO 

CM 

o 

o 

>r— 

1 

1  1 

O  l 

4-com 

r-«“CM 

00 

CVI 

y 

CM 

I 

1 

1  » 

t  1 

1  1 
O  1 

1  y 

1 

f— =r 

in 

m 

C— 

-=r 

1 

1 

1  vO  1 

I  CM  1 

1 

1 

t— OCO  CM  COLO 

vo 

ovo 

o 

CO 

CM 

-=r 

1 

1  vo  1 

CO  1 

vooomovo 

CM 

coco 

VO 

o 

m 

o 

1 

1  1 

JO  1 

■=r  Oiactncmmd 

O 

com 

CM 

ON 

in 

1 

1  1 

O  1 

■— lACMCT'C^r 

ON 

•  • 

• 

• 

• 

• 

1 

|  r-  1 

1 

•  •  • 

•  •  • 

• 

vO  C— 

c* 

i — 

m 

•=r 

1 

1  O  1 

CC  1 

rnvovot— co 

ON 

mm 

m 

.=r 

•=r 

-=r 

1 

i  m  i 

1 

r—  t—  r- 

*—  *— « — 

• — 

mm 

m 

m 

m 

m 

1 

i  m  i 

1 

mmmmmm 

m 

CM  CM 

CM 

CM 

CM 

CM 

1 

1 

1  O  1 
i  t 

1 

1 

CM  CM  CM  CM  CM  CM 

CM 

m*-co 

OO  r-  O 

CTvOO  OVO  t— 

-ON« 

t-CMvOOv 

1 

voo  =rcn  i 

i  l  i 
i  i 

o  t 
C  1 

m 

in-=r 

in 

*- 

CM  CM  CM  *— 

*—  r* 

CM*- CM 

*—  m*—  cm  i 

i  *—  i 

3  1 

CM  CM 

*— 

mcMm 

invo 

CM-=T  CMvO  «— 

vo  me- vo 

LT|k£>0O^- 

VOCM-=TOO  1 

1  m  ! 

O  1 

r-cn 

i  «- 

CMr-  r- 

1 

I  I 

CM  |  CM 

-=r<-  i 

i  m  i 

1  t 

» — 

CM*- 

1 

i  i  i 

1 

i  i 

1  O  1 

O  1 

1 

vOOOCO 

vo  m  onvo 

CTMT>vOCT\CM 

c— ootnm 

moo  oo  in 

in  O  CM  « —  1 

i  i 

1 

CM 

e— vo 

m 

c\jin.- 

•=ro  o  os 

LOvOOVt-  O 

00  -=3*  CM  LA 

in-ofioCM 

omeMo  i 

i  i 

CO  1 

■=r 

*-C- 

ON 

vO 

mmvo 

VOCO  voo 

-a-inint— in 

.-m^OCO 

*-00*-vO 

t-LOr-LO  1 

i  i 

-O  1 

ON 

t— =r 

00 

o 

voinm 

oov  vo^r 

Oo\vOin(\J 

cot—  mcM 

oommoo 

CM  C— C— *-  f 

i  i 

O  1 

•=T 

ooo 

m 

•=rmcM 

ooo  vOLTl 

m*-ooNOO 

mcM 

ONooc—in 

CMOONOO  i 

i  i 

Qu  1 

OO 

VOVO 

■=r 

CM 

■=r  m  mm 

mmmcMCM 

CM  CM  CM  CM 

T-r-r-r- 

f-r-OO  1 

i  i 

1 

o 

OO 

o 

o 

CM  CM  CM 

CM  CM  CM  CM 

CM  CM  CM  CM  CM 

CM  CM  CM  CM 

(MCM  CM  CM 

CM  CM  CM  CM  1 

i  i 

1 

m 

mm 

m 

m 

CM  CM  CM 

CM  CM  CM  CM 

CM  CM  CM  CM  CM 

CM  CM  CM  CM 

CM  CM  CM  CM 

CM  CM  CM  CM  1 

1 

■  i 

i  i 

1 

1 

CM 

CM  CM 

CM 

CM 

on  o  t-  cm  ro=3-  invo  t-oo  on  o  •-  cm  m=r  invo  c^-co  on  o *-  cm  m=r  invo  t— co  on 

IAvOvOvOvOvOvOvOvOvOvOC— t— C'-f-C— C— t— C'-t— {"-00000000000000000000 


217 


I  I 
I  o  t 


I  I 

I  ’“D  » 
I  t 

I  I 


msf  irivOf-ooa\OT 


%  /.  N 


V . 


v.J 


>>:■ 


'VSV 

■■-S' 


I 

•  —  <►  w  » 

1^3 


,V  ,N 

>VvS 


v  \  \  .V 


vo  inOV  —  OOOvO  C-CO  voov  CO  N- 

(\J  f^r-r-r-  —  <\| 


LOO 
CM  — 


t-  -=TO  t^c^- 


■=r  in 


go--  o-=r 

c\j  — — 


t- 


-10 

r- 

cot^r~Oh—=r 

C\J  1  1  II 

•=TvjO 

1 

N-CM 

in 

CM  | 

1 

CM-=T 

vO  — 

CO=r 

1 

4r 

CM  CO 

in  cm 

i 

T- 

CO 

in 

i 

in 

—  cmooocm-=t 

OMn 

voin 

coco 

Ot- 

moj 

CM 

CM  CM 

coin 

in 

o 

»— 

in 

vocot— voe^co 

vo  in 

OJ - — 

OVCM 

0-0J 

CM  00 

o 

O 

COCO 

40 

CO 

, — 

, — 

C\J 

o 

vocooMnoin 

oj  in 

OvO 

OVOV 

in-- 

oco 

--CM 

CM 

CO  vo 

OMn 

co 

OO 

ro 

(-JONTO 

COCTv 

-—CO 

OMn 

•=r  o 

«— vO 

CM  N- 

CM 

vO 

ino 

CO 

CM 

■=r 

• 

• 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

• 

•  • 

•  • 

• 

■ 

• 

T— 

CO 

■=r  invovo  n-oo 

OVOV 

1 -  T— 

C\l  CO 

VON 

00  GO 

oo 

CM 

COCO 

-=r  in 

vo 

N- 

CO 

CM 

CM 

OJ  CM  C\J  C\J  CM  <\J 

CM  OJ 

COCO 

coco 

COCO 

coco 

-=r-=r 

■=r 

■=r 

^=r^r 

-=r 

- T 

CO 

CO 

CO  CO  CO  CO  CO  CO 

coco 

coco 

coco 

coco 

coco 

COCO 

CO 

coco 

coco 

CO 

oo 

CO 

<\J 

C\j 

OJ  OJ  OJ  CM  OJ  OJ 

CM  CM 

CM  CM 

CM  CM 

OJ  CM 

CM  CM 

CM  CM 

CM 

CM  CM 

CM  CM 

CM 

CM 

CM 

COvO  inoovo  o  CM  N-vO  mO>  —  OV 

OOO  av  C^-OV N-vO  COO  CM  N-O 

--  - —  -—  CVICMCM  -r- 

•=r 

N-cooo-=r^r  r-movin 
----CM  *—  CM  CM 

Ov 

4440 
CM  — 

cot-  co  cm  cmvoco-—  cozrooaO  -— 

1  —  1  --  1  1 

1 

t- co  cm  vo  c^-=r  co--  coo 

t—  » —  » —  - — » —  CM 

1  1  1 

*- 

vO  —  CM  O  —  On*—  in^T 

1  ----CM  CM—  1 

1  1  1 

N- 

1 

CO—  CMO 

1  CM  1 

ovcm  cococvavovavcof-  N-com 
movvoco^r  cot— vo  *— «—  c*~=r 
in  on  cnvo  av  --  cm  co  coco  cm  ooo 
OO  ov  --  CM  COinvO  N-OO  OV  o  --  -— 

co  co  co  cm  o  uv=r  o  o  cm  coin 
cocovo  sot — c— —  coco^r  -=r 
cm  oo  coco  covo  o  cm  -=r  mvo  vo 
coco=r  =r  in  in  invo  vo  vo  vo  vo 

00 

CO 

00 

in 

cm  oo  in  0^4-  ao  vo  cm  in 
ovo  cominc^-o^rvo 
— vo  —  in  ov  cm  in  n-oo 
in-=r<=r  co  cm  cm  —  oav 

■=T 

Ov 

vO 

—  inov- 

in  (Maun 

CO  CM  O  CTv 

»-  O  O  CTVOO  N-VO  in  ^4-  CO  co  CM  — 
OOOOvavOvOrva'OvOCTvOO'v 
CO  CO  CO  CM  (MCMCMCMCMCMCMCMCM 
CMCMCVJCMCMCMCMCMCMCMCMCMCM 

ooo  t— vo  in^r  co  cm  o  ooo 

00  00  CO 00 00 00 00  CO 00 00  t— N- 

cmcmcmcmcmcmcmcmcmimcmcm 

CMCMCMCMCMCMCMCMCMCJCMCM 

co 

c— 

CM 

CM 

—  o  ovco  n-vo  in^r  cm 

N- 1^- vO  vO  vO  vO  vO  vO  vO 
CMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCM 

Ov 

in 

CM 

CM 

o  in^r  cm 
in  in  m  in 

CM  CM  CM  CM 
CM  CM  CM  CM 

cm  oo=r  mvo  n-co  ctv  o  —  cm  ro^r  mvo  n-co  ctv  o  —  cm  co=r  mvo  n-oo  c?'  o  —  cm  cyvt  mvo  c-co  o>  o  —  cm  co=r  in  o  n-co  ovo  — 
—  —  —  —  —  —  —  -cmcmcmcmcmcmcmcm  cm  CM<>^cocococococococorn=x.=r.=r.=T.=T.=T^-.=r -=t-=t  mmmmmmmmmmvovo 


i  i  i  m=r  mvot— coono  «— ojon 


1 

o  * 

1 

C  1 

t— on 

« — 

on*—  r— 

1 

o  i 

OJOJ 

CM 

*-*- 

1 

O  1 

*— 

vO 

co  OVO 

1 

i  i 

OJOJ 

t — 

f—  « — 

1 

O  1 

i  l 

1 

1  vO 

1 

1  CM 

1 

« —  r- 

•=r 

on=rcN 

1  VO 

CO  1 

vO*- 

vo 

cry os 

1 

O  1 

VO  CM 

r— 

coo  CM 

1 

O  1 

=T  CM 

0- 

r-CTNvO 

1  » — 

1 

•  * 

• 

•  •  • 

1  O 

CE  1 

»—  CM 

on 

in  in  vo 

i  on 

1 

On  On 

ON 

ON  On  ON 

i  on 

1 

OJOJ 

OJ 

CM  OJOJ 

1 

i 

1 

1 

CM  CM 

CM 

CM  OJOJ 

o>  -=r-=r-=rvo 

m^o  oj 

e— on 

1 

1 

i  i 
i 

O  1 
C  1 

vO 

onc— in 

■=T 

OJ 

CM 

1 

! 

o  l 

CM 

t»-  v-^y-r- 

*-on  on 

oco 

1 

i  on 

O  1 

VO 

c-ono 

in 

>  ill 

1  CM 

1 

i  on 

1  1 

OJ 

i 

T— 

1 

1 

! r" 

O  I 

1 

O  C\JCO  OJ  f— 

invo  -=r 

*-on 

1 

i 

1 

c— ONin 

in 

t—  OMnvoo 

ovo  o 

Or- 

1 

* 

(0  1 

t— 

OnvOOn 

ON 

c—  -=r  cm  oxo 

t- —  *r—  in 

i n*- 

1 

i 

a  i 

On 

CM 

(\l  OJTt-^- 

COOJ  CO 

*-.=T 

1 

i 

O  I 

in 

ON*— 00 

t— 

•  •  •  •  • 

•  •  • 

•  • 

1 

i 

1 

• 

•  •  • 

• 

On  OOO*- 

*-oj  on 

vjDvO 

1 

i 

CL  1 

on 

*-*-  o 

c— 

■=r  in  in  in  in 

inin  in 

in  in 

1 

i 

1 

CO 

oooooo 

c— 

on  onononon 

onon  on 

onon 

1 

i 

1 

CM 

CM  CM  CM 

OJ 

oj  cmcmcmcm 

OJOJ  OVJ 

OJOJ 

1 

1 

i 

i 

1 

1 

CM 

CM  OJOJ 

CM 

■=rococ—  m=r 

ovco^r  t—vo  coon  on 

•=r 

OJ 

in  «-ino 

1 

t-  1 

i 

i 

1 

1 

T— 

«—  «“  CM 

1 

i 

1 

OOt-vO  *-«- 

^=r  t-  in  in  in  onco  *- 

*— 

in  omr- 

00  1 

i 

C  1 

VO  COCO  ONVO 

t-  1  II 

1 

i  <-*-*-*-*-  i 

1 

<-  »-  1  <NJ 

1 

i 

:=>  i 

1 

i 

O  1 

■a-t-vo  i^jon 

vOinONvO  vOOn 

o  cr>o  invo  iri  t--co 

on 

ON 

c—  ONvn^r 

r-  | 

i 

1  1 

1  1  *-  ,-  | 

r-r-vON  COO 

co  in^rco  oncNoniTN 

in 

LTN 

t—  <-  t^ON 

O  1 

i 

O  1 

1 

*-vOO-=r  om 

invovo  m^r  cmon 

in 

-=r 

*-  VO  t— CO 

ON  | 

1  vO 

1 

oovoinon  oco 

■=r  oj  o  co  vo -=r  oj  on 

OJ 

oj  voono 

•=r  i 

1  CM 

I 

vom*-  covo 

•  •  •  •  •  • 

•  ••••••• 

• 

• 

•  •  •  • 

1  vO 

CO  1 

O CM  «—  OJOJ 

*-  o  onco  vo^r 

oj  oco  c— vo  in  on 

o 

c- 

in  cmt-o 

c—  i 

1 

O  1 

inco*-  in 

LfMiv=r^r  -=r^r 

ononononon 

on 

OJ 

CM  CM  CM  CM 

1 

O  1 

t— -ST  CM  VO  on 

OJ  CM  CM  C\J  OJ  OJ 

OJCMOJCMOJCMOJOJ 

CM 

OJ 

OJ  OJ  CM  OJ 

OJ  1 

1  OJ 

1 

•  •  •  •  • 

OJ  CM  OJ  CM  OJOJ 

OJ  CM  OJ  OJ  CM  OJ  OJ  OJ 

CM 

CM 

OJ  CM  CM  CM 

CM  1 

1  o 

CE  1 

VO  t— OO  OnO 

1 

i  on 

1 

ON  ON  ON  ONO 

1 

i  on 

1 

OJ  CM  cm  OJOn 

ojon=rinvoe— coon  o*- cm  on=rinvoc— coono*- 

oj  m=r  in  jo  o-oo  on  o  i 

1 

1 

CM  CM CM  OJOJ 

vO^OvO'OvOvOvOvOt— C— t'-COOOCOCOCOCOCOOOCOCOO'i  1 

1 

1 

1 

C  1 

vO 

CM  COt— 

■=r 

!  ^ 

O  1 

*-*-*- 

i  on 

O  | 

on 

CM*- vO 

, _ 

i  on 

1  1 

r—  , —  « — 

i 

i 

O  1 

1 

1 

CO 

■=r  oin 

t— 

i 

CO  1 

o 

CM  CMC— 

on 

i 

n  i 

CO 

ovo*- 

t — 

i 

O  1 

CO 

-=r  me— 

o 

i 

CL  1 

in 

on  cm*- 

o 

i 

1 

CO 

oooooo 

oo 

i 

1 

CM 

(MCVJOJ 

CM 

i 

i 

1 

» 

CM 

CM  CM  CM 

CM 

i 

i 

1 

1 

oo=r  mvot— coono  *-oj  on 

y: 


TTTTTTr 


1 1.>  r.  r.  r.T.V.'W.V. 


O*.  7>V*  > 


£ 

i 


Sr 

s 


i 

,y 

y 

>; 

y 


*  mvo  c— co  <r»  o  •-  cm  cost  mvo  [— co  o^o  *-*  oj  mr  mvo  t— co  o  «-  cm  orvr  mvo  e— oo  ono  «-  oj  cost  mvo  c— oo  o^o  «-  c\j  co 
-  r-  c\i  cm  cm  oj  oj  c\j  oj  oj  c\j  cm  coco  rococo  coco  cocoonr  xr  zr  zt  zt  sr  -t  -=r  in  mm  in  in  in  in  in  in  mvovovo  vo 


in  coco 

invo 

CO 

C—sT 

ST  CO 

-ST 

m 

C'-OJ 

ojmcosT 

O 

O 

H 

«—  *— 

CM  t— 

r- 1—  t- 

CO 

1 

inoN 

cm  in 

t- 

mo 

CM  CM 

CM 

co 

VO  o 

on  in  o  co 

CO 

co 

, — 

1 

1 

i— 

1 

i 

C\J  t— 

f -  T—  « - 

OJ 

£ 

1  \ 

l  » 

*-00  C— 

vOt- 

o 

C— vo 

t-OJ 

CM 

vO 

com 

t— vosr  m 

CO 

m 

mt~sr 

c-o 

co 

1-0 

CO  O' 

0- 

■T 

mco 

co  0-msr 

o 

vO 

< 

»— cnvo 

OOsT 

CT\ 

mm 

com 

0- 

r— 

i-O 

CM  COSTCO 

sr 

cO 

y 

co  sr»- 

S^  t- 

VO 

OJ3 

■=T 

m 

JTlO 

-T  CO  COt — 

m 

T— 

O 

•  •  • 

•  • 

■ 

•  • 

•  • 

• 

• 

•  • 

•  •  •  • 

* 

• 

Ot-OJ 

COST 

vo 

CM  CM 

VO 

COO 

r—  t—  CM  C\J 

ST 

vO 

ooo 

oo 

O 

oo 

r —  r— 

, — 

, — 

r-CM 

CM  0J  OJ  OJ 

OJ 

OJ 

ooonoo 

COCO 

CO 

COCO 

coco 

CO 

co 

COCO 

cocococo 

CO 

CO 

CM  CM  CM 

CM  CM 

CM 

CM  CM 

OJ  CM 

OJ 

OJ 

CM  CM 

OJ  OJ  CM  OJ 

OJ 

OJ 

o  in 

cmovstcocm  insr 

-T 

Cn 

com*- vo  ST 

CO 

OOST-T 

sT  COCO  VO  CO 

OCOOJ 

m 

V 

«— 

CM  t- 

OJ 

CM  OJ 

1— 

i-CO^  i- 

1 -  T—  OJ 

- 

, _ 

i-CO  »” CO  * — 

-~o 

C—  CO 

CO 

comom*- 

CM 

O'CW  POOJ 

CM  CM  0J  OJ  CO 

t~-cnON 

CM 

i; 

T  1 

OJ  1  1  1~ 

i  i 

OJ 

CM  1  OJ  1 

CM  *—  *— 

1 

1  1 

|  r-t- 
1 

i 

in-sr 

t-o  mint- 

mo- 

VO  O 

CO 

ov  co  com  t- 

OJ 

C^-OO-TOCO 

o  ^o'xom 

CM  rot- 

ST 

s 

t-ov 

OOCOVO  C—COST  co 

o  co 

CO 

Of*-  COCOt- 

ST 

VO  O  [- — T  CO 

cot— osr  *— 

co  cot— 

CO 

5 

O  CM 

t-t— t— vomcoo 

m  co 

CO 

m-=r  sr  cm  t- 

OJ 

COCO  CM  vO  CO 

comvovovo 

COt-CO 

CM 

5 

Or- 

ST  LOvO  C-COCT'O 

CM  CO 

ST 

-T-sT^r^T  JT 

CO 

oj  i—  t—  o  co 

cot— vornsr 

CM  r—  CO 

C— 

<«. 

•  • 

•  • 

•  • 

• 

• 

•  *  • 

• 

r. 

vo  in 

OJr-OO'COt'-C'- 

CO  1— 

O- 

in  ST  (OCM  1- 

CO 

vornsr  COi— 

CT'OO  ITl 

rocvjo 

CO 

t— C— 

t—  0-  t— VO  VO  vo  vo 

vo  VO 

m 

mmmmin 

ST 

ttttt 

cococo  co  co 

rococo 

OJ 

y 

CM  CM 

CM  CVJ  CM  CM  CM  CM  CM 

Ol  OJ 

CM 

CM  CM  CM  CM  CM 

CM 

CM  OJ  CM  CM  CM 

CM  0J  CM  OJ  0J 

CNJCMCM 

CM 

y 

CM  CM 

CM  CM  CM  CM  CM  CM  CM 

OJ  CM 

OJ 

OlOJOJOJOi 

OJ 

0J<Mt\|(M0J 

CM  OJ  CNJ  CM  CM 

CM  0J  CM 

OJ 

kJJ 

& 

P 

coco  mco 

ST 

COST 

v0(0 

in  co  vosr  o-o 

o 

ST 

omt-sTco 

m 

vO 

m 

t— 

*  ^ 
w 

OJ 

OJ 

r—  r— 

r-  i—  CO 

*“ 

T_ 

1-  OJ 

OJ 

ooc— cooj 

CO 

00  OO 

CM  CO 

vosmovoco 

■T 

CO 

ST 

oo  COt- ST 00 

CO 

vO 

o 

vO 

y- 

CM  1  t— » — 

1 

1 — 

t— t— 

1  t-  \  CM 

1  1 

*“ 

1  CM  1 

\ 

CM 

1 

f-* 

y. 

OOJOCO 

c— 

in  i— 

C— vO 

c—  omcooocvj 

t— 

CO 

cocovocovo 

CO 

CO 

m 

sr 

>. 

mojcom 

oo 

moj 

00  OJ 

co  cocot— mco 

T— 

oo 

oo 

coco  vO  coc— 

oo 

CM 

vo 

sr 

msrojo 

o 

mco 

vOOO 

cooo  c— mono 

CO 

c— 

CO 

c— OOCOCOOO 

*“ 

oo 

co 

t— sr  i-co 

r-  (\jcom 

oooo 

oooococo 

CM  CM  OJ  CM 


00 

• 

in 

o 

oo 

CM 


t— oo 
•  • 
t—co 
oo 
coco 

CM  CM 


CM  00 
OO 


COCO 
CM  CM 


ovoojoosto 

CM  <M  CO  COST  in 


CO  CO  CO  CO  CO  CO 
CM  CM  CM  CM  CM  CM 


t-  t—  00  OOCOOOCOOO 

vo  t—  co  noo^r- 

f-  t-  »-  t-CMCMCMOJ 

CO  CO  co  CO  CO  CO  CO  CO 

CM  CM  CM  CM  CM  CM  CM  CM 


ST 

CM 

CO 

CM 


in  vo 
CM  CM 


CO 

CM 


CO 

CM 


C— 

CM 

CO 

CM 


oo 

VO 

t— VDOV 
OJ  t- 

sT  OvOvO  COvO  t— 

CM  CM  t- 

coTminro 

com  VO  ST 

OsrvO 

r-  OCO  LOCO  CXJOO^r  c\un 

oo 

m 

OOsrvO 
CM  t- 

i—  t— oom«-  mm 

OVJ  i —  I  1  I  t- 
1  1 

mi-msr  o 

i  i 

t-msro 

1  t- 

OOCOvO 

Ovo  one— VO  CM  C— co  COO 
OJ  1  1  1-  1  1 

CTV 

co 

OVSTO 

mmcT'Ojvocot— 

mo  t~min 

oo  t-  oav 

OJCTvOO 

O  mCTv  m  OJ  ST  COT  cr\C> 

OJ 

« — 

cot— o 

rooocot—  t—  t-co 

vOOt-Ot— 

comoo  m 

vOvOOO 

t— COST  c— ojsr  c— t— ooo 

m 

VO 

COr-OV 

cmc—  cot—  t-  in  c— 

COCOf— ot- 

t—  f— CM  t— 

moo  i— 

iriLfuo-3'  on^-cotncMt— 

CO 

1—  C\J  CM 

a- in  >£>  ys 

C—  C— t—  C— VO 

vo  mm 

COCM  OJ 

avoo  c — yo  in-a-  cm  r-  ooo 

ON 

CO 

t-OOv 

t— vo  in  ST  COCM  t— 

rooj 

oavcoc— 

in  sr  co 

cnco  c— vo  lost  cooj  av 

t— 

c— 

C— t-vO 

vO  vO  vO  vO  vO  VO  vO 

mmmmm 

msTsrsr 

sr  sr  sr 

COCOCOCOCOCOCOCOCOOJ 

OJ 

OJ 

OJ  CM  OJ 

OJ  OJ  OJ  OJ  CM  CM  CM 

CM  CM  CM  CM  CM 

CM  CM  OJ  OJ 

CM  CM  CM 

CMCMCMCMOJOJOJOJCMOJ 

OJ 

OJ 

CM  CM  CM 

OJ  CM  OJ  CM  OJ  CM  OJ 

CM  CM  CM  OJ  CM 

CM  CM  CM  OJ 

CM  CM  OJ 

CMOJOJCMCMCMCMCMOJCM 

•  V  V 

&; 

*Vk-. 

"  "■  4 

yy\ 

,v% 

V>' 

vv' 

..sy. 

.Vn 

w  _  w  . 

V  ,N  \ 

y-A 

t* 

W 

\  .-V 

vy.v 

'to 
>>> 
%  V 

v-vy 


r  -I 


,=r  unvot—ooo'o^-f'jroa-  Lrvot~-co<r>o  •-cmc-is-  lo^d  t^oo^o^-cvjm^r  mvo  t~-ooCT'o  .-CMr^vr  mvo  f-coCT'O*-  cym 

.-.-rvKMCMCMCMCMCMrMCMCM  r^rnrnrncnrnrnrnrnrrvf  ,g-'=T-3--=r-a'-=r-=r^T-:3'mmirMr>mirMrur\iri  i/vo  vOmd  vo 


y.v 


•  .  / 


>Y 


220 


\s\-. 

•  •  «  ’ 

».  A 


'yy 

v»y 

■  s  n 


-=r  invo  f — co  os  o »—  cm  on=J-  in  so  s-co  <J\  o 
vOvOvOvOvOvO  s—  t*—  s-  s—  S-  S— S-  t— t—  s-co 


•=r  LOvO  S-CO  Os  O  *—  CM  on^r  s~co  Os  O  *-  CM  0O-=T  in 
*-*—*—*—*-*-«—*—*— *-CMC\J<MCMCMCM 


1 

1 

1 

l 

1 

1 

1 

1 

i 

i 

i 

O  1 

I 

1 

C  1 

1 

1 

O  1 

1 

1 

O  1 

1 

1 

O  1 

1 

1  VO 

1 

1 

1  CM 

1 

1 

1  vO 

<n  1 

1 

1 

n  i 

t 

1 

O  1 

» 

1  * — 

» 

1 

1  O 

cc  i 

I 

i  in 

\ 

t 

i  in 

i 

1 

1  o 

i 

1 

i  i 

O  1 

VOsO  1.0 

1 

\ 

C  1 

s-in 

•=rvO 

in 

CM  «—  (\J 

1 

!  *” 

O  1 

*- 

ooo>  c-c\j 

1 

!  in 

o  I 

vO*- 

*~in 

-=r 

1  CM  «—  CM 

\ 

>  in 

f  i 

i 

i 

1 

1 

1 

1  o 

O  1 

OGO  mo 

1 

i 

1 

coco 

^rs 

O  CM 

*-*-  Osvo 

1 

i 

CO  1 

avov 

■=rcM 

S-O 

.=r  os  voo 

1 

i 

O  1 

t— on 

co  CM 

Ov*- 

■=T  CM  OS 

1 

i 

O  1 

^rvo 

O  CM 

ins- 

VOITI  CM  r- 

1 

i 

Du  1 

OSCO 

voin 

CM*- 

CM  CM  CM  CM 

1 

i 

1 

s-  s- 

s-s- 

s-s- 

CM  CM  CM  CM 

1 

i 

1 

CM  CM 

CM  CM 

CM  CM 

CM  CM  CM  CM 

1 

1 

1 

i 

t 

i 

1 

1 

t 

CM  CM 

CM  CM 

CM  CM 

1 

f 

1 

i 

i 

i 

1 

1 

O  1 

S- 

s- 

1 

i 

C  1 

Ov 

o>o-=r 

s- 

s-on=rco 

t-S-  VO 

CM 

CM 

1 

i 

o  1 

«—  OJ 

r— 

T-*- 

*-  ^ 

r— 

1 

i 

O  1 

O 

moo*- 

00 

*-o-=rvo 

int—  -=r 

CM 

CM 

1 

i 

1  1 

*— 

* — * — 

T— 

, —  I  , — . 

| 

1 

i 

O  t 

1 

1 

i 

1 

1  VO 

1 

CO 

O 

1 

1  CM 

1 

CO 

-=r  onon 

< — 

s-=rcovo 

CM  CO  S- 

CO 

t 

1  vO 

CO  t 

in 

coon 

vO 

S-S-S-VO 

mas  oo 

MD 

1 

I 

n  i 

o 

CMinvo 

Os 

vo-=r  * — oo 

O^r  cm 

CO 

LA 

1 

1 

O  1 

oo 

os^ 

in 

monovo 

OvO  OS 

• 

• 

1 

1  r- 

i 

• 

•  •  • 

• 

•  •  •  • 

•  •  • 

o 

* — 

1 

1  o 

CC  I 

oo 

vO  VOS- 

Os 

*-oo  onon 

in  in  vo 

CO 

CO 

1 

i 

1 

o 

ooo 

o 

*—«—*—*— 

« — , —  « — 

CO 

CO 

1 

i  -=r 

1 

on 

on  on  on 

on 

onon  on  on 

onm  on 

CM 

CM 

t 

1  o 

1 

CM 

CM  CM  CM 

CM 

CM  CM  CM  CM 

CM  CM  Osj 

1 

i  i 

O  1 

ITi  0*-0»— 

-=5*0  COCO 

in 

s- 

O  1 

i 

C  1 

in 

on  cm  co -=r 

*-  invo^r 

CM-^  in  C\| 

*-  CM  r- 

CM 

CM 

CO  1 

[ 

O  1 

CM  CM 

CM*- 

*-  *—  CM 

*-  *~ 

in  r-inoscM 

ooi-m 

•=r 

S'  1 

i  -=r 

a  i 

in 

*— vo^r 

cm  ojs- cm  co  in  in*- 

oomo 

«-  i  »  *-*- 

i 

CM 

CM 

CM  1 

i  -=r 

i  i 

i 

CM  1  CM 

CM*-  |  | 

*-  CM 

i  i 

1 

1 

1 

1  o 

O  1 

t  1 

1 

1 

t  i 

-=r  os- cos- 

in  cm  cm  -=r 

CM 

vO  I 

i 

i 

00 

00 00 VO 

vo.— voc\i.=r  omtvovovo  m«- 

Os  co  co  CM  O 

ocoovjs 

* — 

o 

CM  1 

i 

CO  1 

s- 

uo-=r  on 

•—  *— co  ovo  soaot—CMoncoin 

CM  *-  LOCO  O 

CM 

CO 

v—  1 

i 

O  1 

o 

in  cm  co 

cT'O'xo  o  (\i  invovo^oir'ic’n— 

s-  cmoo 

inm*-os 

in 

o 

vO  1 

i 

O  1 

s-oo 

minvoco  as  *-  cm  co^t  invo  s- 

i 

1 

oo  voin-a-  c\j 

ococovo 

•=r 

CM 

av  i 

i 

Cl.  i 

CM  r—  *— 

axos-voin  ^ronou 

*—  O  OsCO 

CM  CM  C\J  CM  CM 

CM  *—  *—  *— 

T— 

*— 

O  1 

» 

1 

os 

C SOsOs 

co  co  oo  co  co  co  co  oo  co  00  S-S- 

CM  CM  CM  CM  CM 

CM  (M  CM  CM 

CM 

CM 

CM  1 

i 

1 

CM 

CM  CM  CM 

C\J  C\t  CM  C\J  CM  CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM 

CM  CM  CM  CM 

CM 

CM 

CM  1 

1 

i 

i 

1 

1 

CM 

CM  CM  CM  CM  CM  CM  CM  CM  CM  <M  CM  CM 

^invos-cooNO 

1 

r-cMco=r  mvos-coovo  i 

i 

i 

1 

1 

■=r  mvo  s-oo  o  o  — 

cm  onsj-  mvo  s-oo  a>  o 

*— cm  on=r  in 

vO  vOvOv. OvOsO  S* 

t— s-s- s-s 

-S-C 

-s-c> 

-CO  1 

i 

1 

*—  *— 

*—  *—  *—  *— 

^^^t-CMCMCMCMCMCM 

2316.9287  -l1)  16 


bPriP$rO,“0grrv=3‘  t'-GO  O' O  *- CM  m=T  unvOS-CO  O' O*- CM  on=r  mv£>  C— CO  O'  O  *-  CM  m=T  mvO  S-CO  O'  O  «—  Cvj  OM^  m 

cm  cm  cm  c\j  mmmmmmmmmm=r.=r:^-.iT.^  .ir.zr.rr.sr  .=r  mmmmmmmmmmvovOvOvovovovjDvovovoc—s-c— c—t— c— 


m 

ms- 

m 

ZT 

•— 

cm  m=r  c— 
i—  CM 

r- 

ms- 

m 

.-oom 

r 

1 

1 

i 

T 

i—  CM 

1 

CM 

c—m 

O' 

s-m 

COS-CO  O' 

m 

OvO 

00 

m 

CM  O' 

«=rc—0'oo 

t- 

CO  CM 

O' 

vO 

t— m 

in^-voi- 

^r 

mvo 

vO 

r- 

S-C— 

vovomm 

m 

i-O 

00 

m 

•—  o 

vom^-m 

vO 

vovo 

m 

m 

mm 

CM 

CM  CM 

CM 

CM 

CM  CM 

CM  CM  CM  CM 

CM 

CM  CM 

CM 

CM 

CM  CM 

CM  CM  CM  CM 

^r-rr^TLOo^rOLn 

CM  «—  f—  Od  r- 

(M:=r  *-mcocMom 

I-  |  I  »—  CM  *— 

I  I 

LOCO  U^vDlAOOOON 

t—  o  vo  e—  *-  m  s-  cm 
O'oniTiS^ooo 
mmcM  1-00  ovco 


«— oo^co 

■=r.=r  mmmmmm 
CM  CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM  CM  CM 


-vo  in  mmovoovo  mcMO't-— =xo> 

CM  i—  CM  *— «—  r—  •— 

-i—  m  oo-^-^^r  *— -itvoi-O'CMcm 

I  *“1-  I  I  I  CM  I  CM  1-  1 

I  I 

>0'v  co  ooctnooo  mo  mini—  ovc— 

-CM  co  O-=T-=rv0-=T0'CMv0CMOm 

>.=r  m  3-co(Mi^coocmc»vt3to 

■  m  on  vo-=r  m*— O'oo  vo-=r  cm  ooo 

•  •  •  ••••••••••• 

)qn  m  mcM»-ooosvoi/v?mr- 

'tCM  CM  CMCMCMCMi-t-i— i-i-i-i- 

J  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

J  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


t -o 

r-O'm 

i-O 

o 

-=T 

O  O' 

in 

c— 

w—  1— 

i—  *"  ■” 

CM*— 

*“ 

CM 

•“ 

CM 

*■ — 

CMvom 

vOCMOvO 

mvo 

vO 

co 

m 

vO  CM 

CM  t— 

oo 

i  *—  i 

1  i—  «— 

1  1 

1 

1 

i 

1  i- 

t 

m*-  s- 

CMvOOCM 

-=TvO 

vO 

CM 

O' 

■=3-  O 

mm 

m 

mvovo 

Oco  O'm 

mo' 

»— 

vO 

m 

Cvj  -=r 

vO 

QOOr- 

O'VO  mo 

i-  in 

o 

o 

■=r 

mco 

vO  On 

m 

i-CO-=T 

movm*- 

CMC— 

•=r 

•=r 

GO 

CM  vO 

moN 

CM 

OOCO  O' 

cm  cm  m^r 

mm 

co 

o 

mm 

■=r-=r 

vo 

* —  r—  r— 

CM  CM  CM  CM 

CM  CM 

CM 

m 

m 

mm 

mm 

m 

mmm 

mmmm 

mm 

m 

m 

m 

mm 

mm 

m 

CM  CM  CM 

CM  CM  CM  CM 

CM  CM 

CM 

CM 

CM 

CM  CM 

CM  CM 

CM 

-=T 

CM 

vo 

C— 

CM 

■=T 

CM 

*~ 

1 

CM 

1 

i 

m 

m 

m 

m 

CM 

co 

m 

^=r 

o 

o 

c— 

■=r 

■ 

• 

• 

o 

o 

, — 

•=r 

■=r 

•=T 

m 

m 

m 

CM 

CM 

CM 

O' 

O'*-  i-mc— 

(M-=T 

CM 

c— 0'*-^r  cm  m 

i-  i-  CM  i- 

co  mco  O 
CM*- 

oovom 

VO 

CM 

ms  i- 

O'm 

O' 

rr  cvivo-=r  m 

00 

VO 

O'  CM  VO  C\J  O' 

CM  i— 

-=r  cmo-=t  oco 

m.—  i— vo 

O' mo 

i-^=r 

m,—  O' 

c— 

CO 

i— ovo-=r  m 

c— 

1 

♦—  1  i— 

CM  1 

*-  1  i-  CM  •— 

\  1 

CM  1 

1 

1 

CM 

i  i 

i 

1 

i  i-  i  i  i 

1 

m 

O' O' O  O' O' 

mcM 

m^r  io  —  *-  m 

-=r  in*—  vo 

i-o^m 

t— 

mcMco 

-=r  O' 

s- 

vo  mo  co  t— 

00 

O' 

i—  mco  O' m 

vo  •- 

vOC— (MOOO 

m-=rvo  m 

vom*- 

mm 

CM -ST  CO 

mcM 

CM 

i-mt— vx>o 

oo'iirir-o 

oo 

c—  mmovo  cm 

i-moo*- 

mvo  t— 

vom 

«—C0^ T 

vO  *— 

O' 

ms-coo'O 

O' 

o 

*“!  * 

CM  CM 

*-  —  1-^00 

O'OO  t— t— 

m^r  m 

^-o 

oo  vo  m 

CM  •— 

s- 

-=T  CMOOOt— 

CM 

CM  J  OO 

vom 

mcM  r-  o  O'oo 

m^r  mcM 

OCT'CO 

vo  m 

CM  ^  o 

cos- 

(Ml—  oco  t— 

m 

t— 

vOvO 

VOvO 

vovovovo  mm 

mmmm 

io^t 

mm 

m 

mmmcMCM 

CM 

CM 

-<M  CM  CM  CM 

CM  CM 

oo  cvj  oj  c\j  c\j  <m 

CM  CM  CM  CM 

CM  CM  CM 

CM  CM 

CM  CM  CM 

CM  cm 

CM 

CM  CM  CM  CM  CM 

OJ 

CM 

CM  CM  CM  CM  CVJ 

CM  CM 

CM  (VJ  C\J  f\j  r\i  <\j 

CM  CM  CM  CM 

CM  CM  CM 

CM  CM 

OgrgOg 

CM  CM 

CM 

ojogcgogoj 

CM 

vp  t—co  CT'  o  *—  CM  m^r  mvo  f— go  O'  o  •—  cm  o'w  mvo  s-oo  O'  o  i—  cm  mur  irwo  c— co  cts  o  •—  cm  mur  mvo  t — co  O'  o «—  cm  m-^  ir\ 
cm  cm  cm  cm  mmmmmmmmmmv^r  mmirunmmmmmmvovovovovovovovovovo  c—  t-— t — t* — c-^ 


-  .  *  .N 


«.*  %  .V 

V 

•:-•-> 

V.;-^ 

•\«\> 
■>.V, 
,«v  v 
‘.v> V 

Vs* 


W  . 


r.  ■*.  •r, 


ko  c— co  co  o  «-  oj  (vvt  mvo  b-co  as 
c — ['—t'-t'-coco  coco  coco  coco  coco 


coojco 

00 

t-Oj  OJ  OJ 

OJ 

voincooj 

OJ 

i  t- 

i 

t 

«—  ONCOOO 

in 

O  OO*— -ST 

vo 

COVO  POCO 

CO 

i— coo-^r 

•=r 

•  *  •  • 

• 

oovoirvr 

oooo 

Ov 

OJOJOJOJ 

»— 

Oj  Oj  Oj  OJ 

OJ 

C--OMnt^CvjOOOOvoO<\jrOOO<T»LO 
»—  T—  OJ  OJ  04  OJ  OJ 

tn  lh  rnc^- lo  •— vo  t— o  c^- ir> 

\  r—  i  1—1—1—  I  oncncn 

i  i 

«—  c\j *-  f-  co  oj  in  o  <\j  t"-  cvj  -=r 

voctn-^-  ojao^cocoomoo-c-- 
vomosmcorosr-irit^o«“(M 
co vo  zr  *—  O'nvo  r-  covo  m »—  oo  ir> 


c\j»-0(7\  t— vo  ir»-=r  oj  i—  o  co  f~-vo 

(^CMWt-r-f-r-T-T-^r-OOO 

OJO/OJOJOJOJO/OJOJO/OJOJOJOJ 

OJOIOJOJOIOJOJOJOJOJOJOJOIOJ 


vo  c^-co  COOi—  OJ  0O=T  LOvO  t^-co  CO 
P*- 1-  0-00  CO  00  C30  co  oo  oo  00  co  oo 


iv.u '■>•  l,>~*.>  ~> •> *?  ~>  * •*  • 


V  ".'■’V  •--  v 


o 

1 

O  1 

1 

C  1 

two  OON-=r  cm  o^r 

1 

1 

1 

f-  t-  CM  CM 

1 

o ! 

•=r  -=r  cm  m  cm  *—  mvo «— 

T— 

1 

1  1 

r-  |  |  »—  r— 

o 

1 

O  1 

1 

o 

o 

1 

1 

1 

1 

co  me— on  m  mvo  coco 

1 

CO  1 

-=r  r-  m  e—  t— vo  -=r  on  «— 

1 

O  1 

m.=r  o^rvOvo-=r  ONm 

1 

O  1 

vo  cmoo  moo  mco  cm  t— 

1 

0-  1 

CM^-ONcovommeMO 

o  f\J  ^3- V£)  OO  O  (\J  v£)  CO  O  (\j  VO  OO  O  C\J  vD  CO  O  C\J -=T  VO  OO  O  CM -=r  VO  00  O  C\J -=T  VO  00  O  CM  ^  vD  00  O  C\J 

»—»—«— r— *— cmcmcnjcmcm  mmmmcvvr-^-sr^-^  inmmmmvovovovovo  t^e-c— e-c— cooo 


mvo-=r  (\jvocomN(v>ooovoo>^ 


o\  on  t-  vo  .=r  mco  -=r t—  cm  c— ;=r  o  in  m 

ii  i  i  i  i 


OCO  *—  CM  CO  t—  VO  CM  t —  t"-CO  O 

ao  VO  in  CM  VO  00  OV  C^~  mco  CM  %- O  VO  CM 
ooon  corner «- vo  on  o  corner*-  ooo 
c— O-^r  c—  omine-o*~  m=r  vo  e-t— 


on-=t  ooovo^roo  0-=r-=r  in 
CM  t—  «-  CM 


vooooov=r  o  * 

i  i  i 


-oomt—ON 
i  i 


co  in  t —  cm  m*^  e'-t^m-^r  on 
cocm  e-mmmo-^oooNin 
vo  t — in  cm  vo  co  oo  mo  m=r 

CO co co co  two  in^  PO«—  ON 


On^t  onctxovo 
cm  on 

ONOm*-o«- 
*—  «—  I  I 

I 

CM  rrur-=r  too 
-=r  c — e~-c\jioco 
ONcnmmcMe- 
-=r  cm  onvo  cnoN 


ON  C— LO  «“ -=f  VO  vo 

como«-  -=r  ovo 
«—  i  *—  i  *—  i 
i 

oovoON-=r  e-^r  in 

LPi  0—  O  O  in  O' » — 
* —  ON  VO  O  *—  OCO 
CM  O-enCTN^T  On0O 


vo  e— oo  O  *—  CM  COU^vO  t — CO  ON  o  *— 
*-  *—  *-*-cmcmcmcmcmcmcmcmcm  mm 
mmmm  mmmmmm  m  coco  men 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


m=r  mvo  two  on  o  r- cm  cm 
mmmmmmm^r  -=t-=t  .=t 
cncncncncnononcncncnm 
cmcmcmcmcmcmcmcmcmcmcm 


-=t  minio^t— 
^--=r^T-=r^r^T 
mroromrom 
CM  CM  CM  CM  CM  CM 


ONONOOr-r-  CM 
•=T  q-l/MTun  m  LO 

onenmenmenm 

CM  CM  CM  CM  CM  CM  CM 


^coo  invo^r  mo 


co-=r  inCM  loonocm 

r-  I  I  I  I  «— 


0- O  CM  r- on  o  O00 

mcnoN  mco*— -=r  cm 
mO-=T  C— t—vOCMvO 
LOOnCNJ  IfNeO  -=rvO 


-  ooo  co  co  co  m  cnmcM-^r  mvoot^--=r  mvovo-=r  m»* 


■  ros  S0(M0»“»“*“0' 
III  I 


(\Jr-NvOSr-COOOOCM* 

I  « —  III 
I 

.ST  on  mo  m*—*-mmvOvo  cm  -=r^r  t— t— «—  «-^vot— o 
t — r-voQNOr-o  e— mco  cm  mvovo  m-=3~  cmoo  mt — o^ 
c— ino  mm-=r  «—  mcoooe-mt'--ONONe— miooot— mo 
o  cm-=t  mvoe-cocococococot— vom^r  m<— ONN-mm 


^^-0000000 

mmmmmmmmm 

cmcmcmcmcmcmcmcmcm 


0-LTN.=r  CM  O  ONC — LO 
ON  ON  ON  ON  ONCO  CO  CO 
CM  CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM  CM  CM 


CM  OCOvO^- CM  OOOvO^r  CM  OCOvO^T  CM  OCO  Lf>m^  On 

co  oo  t —  C' —  t —  t' —  t— vo  vo'Ovovoltnltnltm/n  m^r  m 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


i 

O  1 

i 

C  1 

cot-oe-eMvo 

i 

n>  1 

CM  CM  mcM 

i 

O  1 

mm=r  t— m 

i 

1  1 

1  t"*  t—  r—  CM 

i 

O  1 

1  1  1 

i 

1 

vot— m»— ooon 

vO  1 

CO  1 

r~  moNmcM  cm 

m  i 

O  1 

VO  ON  ONCOST  CO 

vO  1 

O  1 

CM  e- CM  t— CM  vo 

1 

DC  ! 

4-mt~coor- 

T -  | 

1 

CO  00  co  OO  ON  ON 

O  1 

1 

CM  CM  CM  CM  CM  CM 

O  1 

1 

CM  CM  CM  CM  CM  CM 

O  1 

1 

O  1 

O  1 

VO  C— C— * — ■ZT  tTlOOr- CO-=T 
moj  CM  CM  CM  CM  r-  CM  mCM 

OOO^-ONCMOvOvOt^- 
CM  CM  t—  I  I  T-  I  *— 
III  I 

moo^r  ooo  cm  mvo  o 
ONt-incr«-moNOins 
t  CO  O  ONvO  O  mCM  On 

co «—  int — o  mine — co 


vo  cm  o  on  cm  t—  on  lo  t—  on  mvo  mcn^-  mg-  mmmmmmm 


onco  r-mt^-r-q-^-  ltnon  »—  cm  * 
l  i  i  i  t  i  ii 


-  o  mmm*-  cm 

ii  ii  i  i 


mirunvovovOi-uNOvo  mt— -=roovo  cm  on*—  cm  o  t— -=r 
oovOcoinaNCommoor*cOt-ONmmcooNinNonvD^  e— 
ON  CM  CM  OvOONONCO  mo-c^vo  (\J  invO  LTir—  mvo  lO»- 
r- cm  mervr  m  cm  o  on  lo  mr- co  lo  cm  on  io  t^m 


-=?■  in  two  on  cm  m=r  m 

OnOnOnOnOnOOOO  O 

cm  cm  cm  cm  cm  mmcomm 

CMCMCMCMCMCMCMCMCMCM 


oo  on  o  cm  m=r  imo  two  coon  o*—  cm  cm  cn^r^T  mvoioc^ 

▼— r—r— T~*—r*-r— CMCMCMCMCMCMCMCMCMCMCM 

mmmmmmmmmmmmmmmmmmmmmmmm 

cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 


invoc— on  in  o»— go  onco  two  mvovomomcovo  vot^- me— •=3’-=T‘=rvomcNrv=T  cm=r^rvo  mvo^r- 
mcM  cm  cm  mcM  cm  «—  m»— cm  cm  «— 


vo  oncm  *-CMmoNONcnoo«-*ONCMmmm=rvovOCM(Mr- 

I  *-r-CMCM  r—  |  t—  CM  1  t—  I  I  *-  I  «— 

II  II  I 


cm  «-  cMmm«-  «~cm  om-=r  ^cooo 

I  CM  I  I  I  I  CM 
I  I 


o  ONCM-=r  e— cm  t— cm  e—m=r  mvo «— moo  vo  mm  onco  ^  m^r  mmeo  cm  cm  c—  in  cm  -=r  -=r  c\ino-=t 
o  moN-=rmmcM-=r^r^r  me— voonoc— ^oo^mmOf-ovooNONt— ^cm^-  e-ooooomm^r  m 
cm  »-e-T— mcMONmmmcMe-oooNxrcooNcO-=rooooe-cM-=r-=r  cmcocm  mcMco  cm  m^r  eMt—o^- 
on  e—  o^r  e— ocMme— on^—  cm^t  mmvovovovovo  mm-=r  cm  •—  ONS>-mcM  ot—  -=r  o  t—  movmovo  *— 

f—  ooe— mmcMOcovo-^  mr-  onc—  mmr-oNt—  mm^ove-  mcMOcovo^r  ^ONt— cmonc— mcM  o 
co  e— e— e— e— e— e— vovovovovommmmm^T^r^-^^  mmmmmcM  cmcmc\j»— ooooo 
CM  CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CM  CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

O  CM  -=r  vo  oo  O  CM  -=T  vo  CO  O  CM  VOCO  O  CM  =s  vo  co  O  cm  =T  vO  CO  O  CM  -=T  vo  OO  O  CM  =3-  vO  00  O  CM  vO  co  O  CM 

cm  cm  cm  cm  cm  mmmmcnrJ- -=r  m  m  m  m  m  vo  vo  vo  vo  vo  c— t— e— t— t— oo  oo 


224 


.V.A 


I'liViVi*  tJViV 


LkViViVlVI 


^rvoco  o  cm -=r  voco  o  cm  ^rvo  coo  cm -=rvoco  o  cm -^voco 
cococoonononc^onooooo»— »—cmcmcmcmc\j 


moo 

m 

VO 

C— 

ON 

y- 

y 

CM 

co 

C-r- 

C-- 

vO 

T— 

^r 

ONON 

O 

«— 

CM 

cm  m 

^r 

^r 

1— 

CO 

OOCM 

o 

C-- 

VO 

CM 

•  • 

• 

• 

• 

• 

CMCO 

•=T 

m 

VO 

mm 

m 

m 

m 

m 

coco 

co 

co 

co 

co 

CM  CM 

CM 

CM 

CM 

CM 

CO<o 

O  ONvo  t^-CO 

co  cm 

CO 

CM 

T— 

*—  t— 

m*-oo-=r  c\j 
C\J  «  I  CM 


ONl/M*— O  O 
m«-ONmov 
O  lOt — 00  vO 

»-srooM^ 
o  t-incxjo 

COCM  CM  CM  (\J 
CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 


■ZT  CM  LOCO 

r-  I  I 


OVOON 
CM-=r  c--a> 

coooco 

VOCM 

■  •  •  • 

mcnoco 

r-»-r-  O 

CM  CM  CM  CM 
CM  CM  CM  CM 


■=T  lOCM  «- 
r—  CM  CM  CM 

t^COCMCO 

I  I  f- 
I 

co=rcnon 

t-r-OMA 

mONCMvO 

•  •  •  • 

ot-mcM 

O  ON  On  ON 
CM  «—  *—  «— 
CM  CM  CM  CM 


CO  CM  On 

t—  iTCM 

0^0 

T  i 

CM  vO  CM 
ONCOvO 
0  000 
coo  co 

•  •  • 

co  co  co 


cooncn=rorxo  ^cn^^r  oococnoorr  ^t—inm 


*—  cm  o  on«— co  c^cnmoocM-=r  ^r-vot-(Mr- 

i  i  i  i  i  i  I  i 


oor-o^in 
vooavzr  roov 
mc--mcMvot- 
cocncom^T- 


OCMi-*— CM  CMOnOvO  ITS 
LOCM  COONO  t — ONVO  CO  t — CO  CO 

cnc^o\co-=r  (T'OOvoocm  «— co 

On  CM  LOCO  r-CO^NO'r-  CM  COCO 


C^-COCOONONO 
CM  CM  CM  CM  CM  CO 

cococomcnon 

CM  CM  CM  CM  CM  CM 


O*— *— *— CMCMCMCMCM  CO  CO  CO  CO 
CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO 
CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO 
CMCMCMCMCMCMCMCMCMCMCMCMCM 


.=r  in  o  coovin  cot—  co=r 


cm  *—  (M  -=r  vo  o  o  .=r  m  cooo  •-  cm 

I  t-  |  | 


COCO=r  *—  ON*—  COvO-^T  o  t — vOvD 
CO  O  Ovo  OvO  in^T  ON  CM  CM  CM  ON 
ONVO  O  «—  *— CO  COvOVO  m«—  LfNvO 
LOO  LTNONCOvOO  COvOONCM-=TVO 


•—=TCOONOt‘- 
«-  «-«-CM 

co*-coro^-co 

I  «-  CM 
I 

(Mc-o^-mm 
t-t-VO*—  coco 
coco  r-c\io^- 
o  *—  CO=r  LfN  UTN 


t^-LOCMCT'C-^CMONv£>  COt-COlO 
ON  C7N  ONCO  COCOCO  C^-VOVO 


oi^r  «-aom 
vommm=r.=r 


CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


■=r  voco  o  cm  vo  co  o  cm -=r  vooo  o  cm  vo  co  o  cm  vo  co 

OOOOCOO'NONONONONOOOOO  «—  *—  CM  CM  CM  CM  CM 


I  i 

i  i 

i  i 

I  i 

'“D  1 

i  i 

i  i 

i  i 

O  I 

t  i 

C  1 

i  i 

ZD  1 

i  i 

O  1 

1  1 

i  i 

i  i 

1  I 

o  \ 

i  i 

1  00  1 

<n  i 

1  CM  1 

JD  1 

1  CO  1 

■  i 

O  1 

i  i 

1  1 

CC  1 

1  r-  I 

1  O  1 

1  ■ —  1 

1  r—  | 

1  O  1 

O  1 

I  1 

C  1 

1  1  1 

^  i 

1  r*“  1 

o  ! 

|  « —  | 

i  i 

1  r-  1 

O  1 

1  r-  I 

1  O  1 

1  1 

CD  1 

1  t 

jO  1 

1  1 

1  1 

O  1 

1  1 

1  1 

1  1 

1  1 

1  1 

a.  i 

1  1 

1  1 

1  1 

1  1 

1  1 

O  1 

1  1 

c  I 

1  1 

1  1 

^  i 

1  1 

1  1 

1  1 

O  I 

1  1 

1  1 

1  1 

O  1 

1  1 

1  vo  1 

CO  1 

1  CO  1 

XD  | 

1  vO  1 

O  1 

1  1 

QZ  1 

1  r-  I 

1  O  1 

1  r-  | 

1  r-  1 

1  O  1 

O  1 

I  1 

C  1 

1  1  1 

:=>  i 

1  1-  1 

O  | 

1  ^  1 

i  i 

1  *—  1 

O  1 

1  r-  i 

1  O  1 

t  1 

n  i 

t  1 

O  1 

t  1 

1  1 

O  1 

1  1 

f  1 

1  1 

1  1 

CL  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1 

i-CMCOiTinvO  t^-OO  ON  O  t—  CM  CO 


vo  -=r  coco  LfNt—-=rvo  fOi/Nvo  t— 
«—  cm  on 


m  ITNOi—  mzr  OOO  CMCMXNON 
I  I  «-CM  I  I  I  CM  I 


*—  ON-=r  t — On t —  o  t—-=r  ONCOST 
CM  (MvOOlAOlTUOOC — LCNCM 

t—  CMO\m«-vo«— -=roNO-=r  in 
t-  in^coLTt^co^r  ot-rooN 

co  minvOf-h-cooNONOO 
o  ooooooooo*-.- 
oo  oooooorooooooorococooo 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


vomvocM 

OOCM 

«-  CM^T  t- 
«-  CM 

I 

•=r  cm  cno 

zr  OCM^T 

oocos 
•=r  t^ONCM 
•  •  •  • 
OONCOOO 
OOnOnOn 
OOCM  CM  CM 
CM  CM  CM  CM 


=T  CM  C — CO-=T  *— ^=r 
CM  «-  CM 

vO  OOCOO  CMCO  *— 
I  I  »  CM  I  I  CM 
I  I 

-=r  On  CO  CM  LTN  0-t“— 

•=r  oo=t  o\cnmoo 

CM  00  mOvvO  Ov=T 

co  o  co  moo  o  co 

vovo  lT»-=r  COCO  CM 
O' O' On  On  ON  O' O' 
CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM  CM 


r-incot^coo  in-=r^rvo-=r  mo 

•->  CM  -=T  r- 

vo  coco  (M  CM  co  CM  »—  r-  ITV=T  r-JT 
I  CM  CM  I  I  I 

I 

co  C^co -=T  vo  O  VOOO  vo  ON  *— -=T 
vo  CM  mvO-=r  OOOvO  ONVO  t"-=r  on 
O  C'-CMCO  CM  t^ONCO^-  — ONf^- 

cnooo  mono  r*-m  cm  ovo  coo 

ro=r^r  mvoc-c— oooNONOr-CM 

CMCMCMCMCMCMCMCMCMCMCMCMCM 

CMCMCMCMCMCMCMCMCMCMCMCMCM 


coincMmncoNcovom^  m 

CM  •- 

*-  mmcMCMmt^cMvo*— oo*- 
i  i  *—  i  i 
t  i 

vOvOvOONCO^-  CM  VO  On  CM  C*— ^ 

ONONcnmc-«ONvocooN-=r  *-oo 
coonononc^voco^— vo-=r  co -=r 

i-  comt^-ONr-  fomvocooNt— 

oonoo  t*— vovo  m=r  co  cm  «—  r- 
C*— vOvOvOvOvOvOvOvOvOvOvO 
CMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMlM 


-  cm  co=r  mvo  c^-co  on  o  r- cm  co 


>>> 

vv  V 

.*»  .v.'j 

rVV, 
Vv‘0 
/•  V  V  i 

. .  ■ 
\  0\- 
\  V.V.V 


■/.VlVJ 


V  v . 


v/v'.; 

:■  ;-.V 
'./.•«> 

vv 


IT 


...  v 

v.vj 

Cl 


1  :1-n 
:v:l? 

■v  vs 


/■> 

.VXV.vW^Va'.s'.V 


'.v  V,  A'.',  o  ' 


invo  c—-oo  on  Ot-oj  invo  c — co  on  o  oj  m^*  invo  t— oo  on  o  *—  oj  oosr  invo  t — co  ono  r—  c\j  mzr  mvo  c — oo  on  o »—  oj  m 
*—  *—  *- *—  *- 1-  c\j  cm  c\j  oj  c\j  oj  oj  cm  cm  oj  mmmmmmmmmrryr  -=r  -=r  .=t  -=r  .=r  in  in  in  in  in  m  in  in  in  invo  vo  vo  vo 


r-vT)-=r  m=T  r- 

OJ  Oj  i— 

m 

moj  mt^ mco  mm 

r-  m»- 

m<^  m-=r  vo  o  m^-  -=r  o-^ 
0j  oj  -=r 

vovom 

mmmou^ms 

m 

CTv 

OJ 

r~-mm*-^r  oj 

-=r 

o  oj  oj  mo  oj  m 

-=r  mm*—  oj  *~vo  *— t^-oj 

OJ  T— -  0j 

t-  oj  Ojojoj  oo  -=r 

OJ 

ON 

o 

«-  \  OJ 

1  1 

i 

^-OJ^-  1 

i  i  i 

1  l  0j  ^  |  i 

1 

*-  1  1 

1  1  »-m 

i 

i 

mvno-oco^r 

OJ 

c-- *—  m  c-- oo  mm 

ooco  »-oc^T-crNOC^T-^r 

mmjo 

CM  O  O  r-  mCOr-  t-~ 

o 

t 

m 

vomoT-coo 

m 

oj  ct\  m  O -=T  CO  0J 

c — c — «—  0'>mo>'0  o  c — moj 

voo  m 

■3-  CJD  O  LO  C'-OO  CD  cr> 

Oj 

in 

ON 

o-c^-ooc^t^-m 

o 

m*-^r  ^-3-oolo 

cosoN^m^ojornm 

OOkO  ^ 

o-  o-  *-  O  OJ  o  r-co 

m 

in 

in 

m*-  o-mcnm 

o- 

co-=roMnom,— m 

^Or-^t-VOr-VOr-^Om 

^room 

•—  LTiO3-00CMv£)C7v 

oo 

m 

r-ojojmom 

m 

M3  0-00  CT'  O'  O  O 

r-  rj  oj  mm^r  mmm  jo 

0-0-00 

OO'OOOr-^r- 

m 

m 

•=r 

^ —  y—  y —  < —  1 , — 

* — 

r—  r—  *—  y—  *— *“OjOj 

CMCMCMCMCMCMCMOjCMOjCM 

OJ  OJ  OJ 

oj  oj  mmmmmm 

m 

m 

m 

mmmmmm 

m 

mmmmmmmm 

mmmmmmmmmmm 

mmm 

mmmmmmmm 

m 

m 

m 

CM  CJ  CM  (\J  OJ  CM 

Ol 

OJOJOJOJOJOJOJOJ 

OJOJOJOJOJOJOJOJOJOJOJ 

OJOJOJ 

OJ  OJ  OJ  0J  OJ  0J  OJ  OJ 

OJ 

Oj 

OJ 

voom 
•*—  cvi  •— 


on  mco  on  mco  tn-=r  c— no  mmco  incovovovo.=r  -=r  m^r  m=r  orvr  rommmr-  ininmmvo  r'-invo  in 
■=r  ojojojvom*-mojmmmojt'-«— *-onojojonoj*-  *— ooo»—  o«—  irKNjroo^-oo^cof^urio 

*-  III  I  I  *—  Oj  I  I  •-  II  I  r- 

I  I 


mmin.=T 

c\j  m*—  m 

i  i 


OjvOvO 

OvOOj 

t-i-OJ 

incoo 


ino-=f  o-^r  oo-mo-ojmmvocooooj  inov=r  t'- mooing  o-=r  incnvovooj.=r  Ovoino-oj.=r  m*—  *— 
mc\joj.=y  o^r  i^(Njoomininr-  m»-io.^  ojvocovo  mmo-o  onvo  o  t-  o^t  onc—voco  moo  on  on  oj 
incovocoinvo*-ojvovocoo-coo-vo^  ojONvopjo-mc*-oj^rO'ONmmvo.=3'vooj.=j-ONO.=r-=rvovoo- 
■=rvoooooj.=TvooooN.-oj.=r  in^-ooo»—  fvjromin^s  o>ONooojojmm=T^r  in=rvoinvo  invo  in 


o\co  t— co 
^■3-SO 
m^r  *-  o 
LOVO  LOvO 


*-  o  o  co  t— vovo  rn-^r  moj  *-  o  onco  c-aovo  irvr  moj  *—  o  onoo  e—  c— vo  in.=r  roc\j  r-  o  onoo  r--vo  m-=r  mc\j 
ononon  oocooococooooocoooaocoo--^-c— c^-c^o-c*-t'-t'-r'-c--NOvoNOvovovovoiovovovOininininLnininin 

OiOjOj  OJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJCJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJ 

ojojoj  ojojojojojojojojojojojojojojojojojojojojojojojojOjojojojojojojojojojojojojojojojoj 


OONCOO- 

CJOJ  Oj  Oj 
OJ  OjOjOj 


NOMCin^-cOir  inuvrvovo 


o-vo  invo-=r  t-ONOjinoioino 

ill  i  i  i 


co  t*-=r  coo^r  oj  m-=r  c-~oo  moo 
vooNvot^ojONmco*— mininin 
co  mm o^r  oj  m(M4  on o-=r 
S4r-oomr-co4-^sfnovo 


ojm=r-=r  invo  jo  r—cooooNO  o 
oo  co  oo  oo  oo  co  oo  oo  co  co  oo  on  on 

OJOJOJOJOJOJOJOJOJOJOJOJOJ 

OJOJOJOJOJOJOJOJOJOJOJOJOJ 


•=rvo 

^r 

-=r  vo  oj-=r  onvo 

ovr 

i 

*— 

ojvo  o  *— -=r  m»—  oj  *— 
i  i  y  ii 

VOr- 

ON 

on  in vo  mm-=r  onco  in 

«-c— 

NO 

oj  m-=rvo-=r  ojao  mov 

o-in 

^r 

t—  oinmc-^Tvo  c\j  m 

00  ^T 

VO 

ooj=t  ONinovo  r-  c — oj 

r-  0J 

m 

j=t  ininvoc— t-oooooN 

ON  on 

ON 

O' On  ON  ON  On  On  O' On  O' 

0J  OJ 

OJ 

OJOJOJOJOJOJOJOJOJ 

OJOJ 

OJ 

OJOJOJOJOJOJOJOJOJ 

=r  zr  l n-=r  o^=r  mm=r 
oj 

*-  f-  »-^r  ONOOr-  o  o 

I  I  i 


mmojiHr-momo 
vo  m^oom^^r 
co»— oojo*— cot— m 
ojaomoomcoojt— oj 


o  o *-  *-  oj  oj  mm 
ooooooooo 
mmmmmmmmm 
ojojojojojojojojoj 


-=r  mmmmmmoNmm 

OjOOOJ^ 

I  I  I 


ooovo  o  o  t— ^raocovo  o 
r-omO'Ojmt^(nooo^ 
voojvoo-=t  c— on* —  oj  oj  m 
r-vDomc'msojvoo-5’ 


mmvo^ovosMXjccc^aN 

ooooooooooo 

mmmmmmmmmmm 

OJOJOJOJOJOJOJOJC\JOJOJ 


ct>oj-=t mmoo-=rvnmvovomvo^3-o>t-mw=r‘=r mmsmsmmmoo^ m=r s^^mmmm^ corner m»-  -r  mvo  mm 
oj  m  «—  oj  «-  ,- 

omoj  oj  mmojir  m=r  oj*— ojojvooNOj.=rojojnjinojinojojOj»— o  t— -=r  mo  *— -=r  mm  o  *— -=r ooo»-«— 

I  *-  *-11111  II  I  I  I  I  I  I  I  I  I  •-«-  I  I  »—  I  I  r-  ^  | 

II  II 

r—y—o-'  o>£)  o  m^r  o  m'sO  o\\o  m-=r  mojmmomo^cooja\0'0\sm^  mvo«—  ovr-=r  ^^ooN^om^Nsnnr- 
m-=roomooco  mc^o>c^-o  *—  cr>mm»—  mvo  mcoco  o-»—  oj  o^OHnmojmmroooNmmo  oj  o »—  vnvo  ooo 
voojoocoNi-i7'Ojoo»-mso(\jmmmm»“OvomcM^ooo^vom»“a\m*-voomsi-oj\omco  moo  mmcor-  oj  m 
oj^t  m^o  o-ov7>r- 1—  mrm  mvovot^-t*-oooooNco<^oocr»QN^oo  onoooo-oo^c^vovo^  mmmf-^a'O'h-t^T  mojoj 


o  ctnco  t^v£>  in=r  =r  moj »—  o  <T\ co  t*-vo  m-=r  moj «—  o  c^co  o-v£>  m^r  moj  o  o^co  t>~<o  m-=r  moj  oco  m=r  moj  *— 
mmmmmmmmmmm^r^r-=r  mmmmmmmmmmoj  ojojojojojojojojoj^-^^-*— r- 

OJOJOJOJOJOJOJOJOJOJOOOJOJOJOJOJOJOJOOOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJC\JOJOJOJOJOJ<MOVJOJOJOJ 

0j0j0jc\j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0jc\jf\j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0j0jc\j0j0j 


mvOMo^Ot-ojrm  mvor— ooc^o*—  oj  m=r  m^o  c^-co  o o  *—  oj  m  m^o  c^oocoo*—  oj  m=r  mvo  o-cocT'O^—  oj  m 
oj  oj  oj  oj  oj  oj  oj  oj  oj  oj  mmmmmmmmmm=r  -=r  sr  zr  -=r  -=r  m  m  m  m  mm  m  m  m  mmvo^ovo 


-=T  LAvOC— COOvOt-CJO'VT  mvOt-COOVO*-Ojrry=r  LfWO  t — CO  0^0  *-  C\J  OA=T  IAVO  e— COOvO^CMm^r  in^NOOONO^-OOi 
VO  VO  VO  vO  VO  VO  t—  C—  e—  C— t— t— t—  C—  t—  t— CO  CO  00  CO  CO  CO  CO  CO  CO  CO  Ov  O'  O''  Ov  OV  a>  CT\  ON  ON  o  o  o  o  o  o  o  o  o  o  *—  «-  «-  - 


mo 

vO  t- 

m 

-=rco  ov 

vO 

vo  oj^r 
0J*- 

ov 

m 

OOOvOOv 

t- 

*~e— 

OJ*- 

me— 

i  i 

mo 

m 

t 

ojmoj 

T 

mvooj 
*-  i 
i 

-=r 

0J 

e— oj  e— vovo 

i 

-=T 

1 

oj  m 

«-o 

vOOO 

vo^r  m 

c- 

oj  i—  m 

c— 

-=T 

*-avoj^r  *- 

.=T 

m 

ovm 

OJCO 

mvo 

i — 

co  mcr 

VO 

vO 

COOJOJOJO 

vO 

vovo 

mvo 

*-0J 

=r=r  m 

CO 

*— e— m 

OJ 

av 

vomc— ^rm 

m 

*-ctv 

ojm 

oj  m 

c— 

m 

*-mvo 

«- 

m 

^rvoco  o  oj 

0J 

coco 

mm 

VO  VO 

e-c— c- 

co 

CJvCTv  erv 

o 

o 

*-  r-  r~  OJ  C\J 

m 

mm 

mm 

mm 

mmm 

m 

mmm 

■=r 

■=r  ■=?■ -=r -=r 

■=r^r 

mm 

mm 

mmm 

m 

mmm 

m 

m 

mmmmm 

m 

mm 

OJ  Oj 

OJ  OJ 

OJ  OJ  OJ 

OJ 

OJOJOJ 

OJ 

0J 

OJCJOJOJOJ 

00 

OJ  OJ 

^r-=r 

mmavc— ov-^voco^r  *— mmc— mooj^r  c— 

oome—  ovoco  ovoco*—  ooe—  m=rcooo 
*-*—*-  *—  *—  i—  m*—  *—  cm 

*— -=TCO 

CM  CM  *— 

me— ovo 
CM  CM*-*- 

ojm 

i 

*-ojmmoo^-mvo^rvoT-*-voojovmvo*— 
i  i  i  i  i  i  t  *-  i 

oj^r  r—  m*— vo  mm^r  mme— -=r  ovmoj  *— 
*-  1  CM  |  |  1  1  1  *-  CM  1  «—  *- 

I  1 

OJVOOJ 

*-  1 

1 

roav*— 

i 

e-o 
c— t— 
mm 
•=r  m 

m-^  vo  oj  m  mo  ao  mav^r  co  o  oj  oo -=r  m 
*-vom-=re—*-T-vooj»—ojvomoojooov^r 
mt—=r  m*- «— c*— =r  ovo*-momc— co*— *- 
•=r  oj  m  *-  oj  o  o  co  ovo  e— <=r  m  oj  oj  av  o  e— 

Ovo-=r  *— voov*— voovm*— ovavome— o 
^r=r  c— »- vom  oj  *- coo  oje— c—»- ovo 
oj  m*~^rco  o  mm vo  c— t— co  mvo  cm  mvo 
zr  --  ^  c— co  -=r  o  o  vo  vo  oj  cm  cooo  m 

o>me— 
o-=rvo 
ovov  cyv 
oo  com 

LTV=rvOvO 
OCMCMvO 
t— ^rco 
oomme— 

vom 

-=r-=r 

OJOJ 

0J0J 

moj  *-  o  ctvco  c—  m-=r  moj *—  o  avcovovo-=r 
•=r-=r  .=r-=r  mmmmmmmmmo j  ojojoj  c\j 

OJOJOJOJOJOJOJCVJOJOJOJOJOJOJOJOJOJOJ 

OJCMCMOJCMCMOJCMCMOJCMCMCMCMCMOJOJCM 

cm  *- o  e— vo  m^r  moj  o  avoo  e— u\=r  m 
OJOJOJ*— *-*— *—  *— r-  *-*— oooooo 
OJCMCMCMOJCMOJCMOJCMCMCMCMOJCMCMCM 
CMOJCMCMCMCMCMCMCMCMCMCMCMOJOJCMOJ 

oovco 

ocr^co 

CM  *—  *— 

CM  CM  OJ 

-=rmojo 

CT>C7>0>CT> 

OJOJOJ  OJ 

vomojmmmm 

cm  m 

mm 

cm=r 

mmm mmm 

mr-  mmmmmoo=r  mmo  m=r 

^rt— e— 

m 

o 

OJ 

«- 

coe—  oo*-oo 

i  t  i 

oo 

CM*- 

1 

O  CM 

1 

O^myyr- 

*-  vo  o  o  mm*-  mvo  o  *-  co  o  moj 

ii  ii  i 

- 

*—  cm  m 
CM  1  *- 

o 

m 

oo  mmmmcM  m 

o*=y 

crvrn 

vom 

ooje— om 

co-=r  mo>vo  e—vomcT'm  (mov  vooo 

CT'C—  O 

e— 

t— 

co  m  vo^r  co  co  vo 

om 

■=r  m 

od=t 

mONvot^o 

m  cm  oo  ovo  mov  *-oo  m  cm  m*— ovo 

vO 

coe— o 

vO 

t— 

*-*-cot—  ooo-=r 

o 

vo  m 

c— *- 

O-3-vOCOOO 

o*-e— cocMCM-=r^r^r  moj  ot-mo 

av 

vomoj 

-=r 

coojmavmc—  o 

e— *- 

e-o 

vOO 

voco  *—  me— av 

t— co  mvo  c— o  *— -=r  mooco*— »- 

-=r 

e-o  o 

CM 

- T 

o>ooo^— *-oj 

(\im 

0TV3- 

m 

mmvovovovo 

t«-  t'-co  CO  oo  00  O'  O'  O  O'  CT'CJ'  o  o 

o 

o*-r- 

CD  *—  r—  r-  «—  f-  *— 

v—  r- 

T~  *— 

»- 1 — 

« —  »—  r—  r—  r—  •— 

CM 

CM  CM  CM 

OJ 

CM 

mmmmmmm 

mm 

mm 

mm 

mmmmmm 

mmmmmmmmmmmmmmm 

m 

mmm 

m 

m 

CM  CM  CM  OJ  CM  CM  CM 

CM  CM 

CM  CM 

0J  CM 

OJOJ 0JCM0J  CM 

OJOJOJOJOJOJOJCMCMCMOJCMOJCMCM 

CM 

CM  CM  CM 

0J 

0J 

VOlAC— 


mmm*— .=r  mmcovomcovoavsr- 


■  logo  m  m  mvo  moot-  oj.=r  in  oj  -=r  m  in  mco  m=r  -=r  -=r  ^  o  mvo  cnj  e—  cm 


c\j  •—  cm  cmrr  *—  m-=r  o-=r  o  t— m*— vo-=3"  o «—  *—  mvo  cm  oj  t— coo  moj  me— *— md^tvo  oj  e— moj  moj  oj  *— -=x  o>vo  me— mo 
*-  ii  *—  I  *-*-  i  *-cm  I  eg*-  i  i  i  *-*-  *-  ill  it  mi  i  *-  i  *—  cm 

ill  it  it 

moot-  oo  oj  c\j-=r  o  ov  m  m »—  moj  cnov  e—o  me— cocm  o  t— e— mmmm-=r  cm  *—  o*o  mov.=r  *—  o  *—  e— c\j-=t  *—  avooo-=rvo 
f-voo  ^r^rcovoooc\jvoooojomc\j<\ic^(\joco<\Jomc\jma><Mmooo-=r  os  oe—  t—  ltxnjomtin voo>vocM*--=r  e— cm 
m=r  oj  coovcmoa^t  m-=r-=r  cm  cm  e—c—oov*- *-o>avvo  mo  ov*-T-*-*-cooo.=r  ms voe—  c— vomejpjvovocoovcoavme— 
ovovvo  cMCMCTvovmm*-  *-c— e— CMOjoot— mmc— e— ojojo-vo*-*-mmoooocMCMmmcoco*-  *--=r-=rvovoooaoooojoj 


ovoo  e—  m-=r  oj  *—  oovoo  c— icvt  moo  o  ovco  e—  ltv=t  moj  o  ovco  c—  m^3-  oj  *—  o  cr\t— vo-=t  moj  *—  avoovo  m  moj  *—  oco  e— 
ooo  oooooovovovavavavovovcocococococooooo  e— t-c— r-e— e— e— t— vovovovovovovommmmmmmm.=T-=T 

(\jojoj  ojojCM(\iOjojojojojojojojojf\jojc\jc\jojojf\iojc\iojoj(\jojojojojrvjc\jojojc\jc\joj(\jc\jojfM(M(\jf\jc\iojoj 


mvo  c— co<^o*- cm  m=r  mvo  c—co  ov  o*- cm  ca=t  mvo  e-coavo*— ojoa=t  mvo  e— coovo»-ojm=j-  mvoe— coovo*-ojm 
vovovovovovo  t—C—C—C^C—t— C—C—t—t— 0000 0O0O 00 oo 00 CO 0000 ovc^ovavov OVC7V O' ovovo  O  O  O  O  O  O  O  O  O  *-*-*-  *- 


i 

r 


i 

4 

k 

k 

5 

s 

k 

! 


r 

t 


i 

1 


Hi 

I 

m 


r 

r 

»* 

s 

< 


( 


a> 

A 

'j 


L 

* 


I 

r. 

/■ 

r 


■=r  invO  c — oo  C*  O  »—  00 


o 


ooo-srvocoooo^vocoo  cm^-voooocm^vocoooo^voooooj^vooo 
f-i-r-r-f-c^f\jc\jf\J(\jrnrnrnrnfnq-iT4-4-^Lriioiriiniri 


OO 

CM 

OO 


CM 

o 

o 

o 


vO 

CO 

in 

vo  i 

1 

OO 

CM 

■=r 

OO  1 

1  1 

o 

N- 

av 

vo  i 

1  CM 

CM 

1 

i 

i 

i 

1  O 

i 

1  O 

4— 

in 

oo 

00  l 

1  T— 

4 - 

o 

oo 

m  i 

I 

4 - 

«— 

in 

CTV  1 

1 

CM 

vO 

oo 

vO  1 

1 

• 

• 

• 

1 

OO 

in 

o 

t—  1 

1 

00 

co 

CO 

N-  1 

1 

4 - 

T— 

*— 

r-  t 

1 

CM 

CM 

CM 

CM  1 

1 

o 


C  l 

oo 

CM 

^r 

coining 

O  1 

*- 

CM 

CM 

O  1 

00 

CM 

vO 

inm«— 

1  1 

CM 

i  i 

° ! 

o 

1 

on 

OO 

OOMD  N-00 

w  1 

OO 

•=r 

oo 

.-vo  f-  in 

-Q  1 

vO 

t— 

o 

ooov-=rvo 

O  l 

in 

00 

Ot-OOsT 

1 

• 

• 

• 

•  •  •  • 

as  i 

in 

o 

oo 

c—coavo 

1 

Ov 

o 

o 

O  O  Ot- 

i 

CM 

oo 

oo 

OOOOOOOO 

i 

CM 

CM 

CM 

CM  CM  CM  CM 

1 

a  i 

c  I 

on  c—.-o 

aocuncovot— 

:=>  i 

T-r~CT) 

u ! 

-=r  n-ooov 

incvjvo  t—  mao 

1  1 

1  »—  cm  *— 

\  ^  \  r-  1 

O  1 

1 

1 

i 

c—  c— n-o 

1 

in  t— «— -=r  oo=r 

cn  t 

e— on  oooo 

(Mt-«-OvOO 

.O  1 

co  n--=t  co 

OMneTVf—  OOO 

O  1 

OvD  t— 

vo^ioo^r  t— 

i 

•  •  *  • 

£X  1 

onoooov 

rj-  OOf-OCOvO 

| 

CTvCJvCTvCO 

aoaoooco  t— 1~- 

j 

CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM 

1 

CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM 

t-N- 

VO  CO 
OO 

UON- 

CM 

COO 

oo 

CM  CO 

in^r 

in  cm 

oo^r 

in 

1  1 

CM  »— 

1  1 

1 

1 

VON 

ov 

in 

CM  CM 

•=r 

CTvOO 

vO-=T 

N>N- 

ino 

in 

ootn 

VOOV 

co  -=r 

oo 

CM 

N-N~ 

vo  in 

OOCM 

0>N- 

CM 

■=t  in 

cocrv 

r—  CM 

m=r 

VO 

4 -  «— 

r—  4 — 

CM  CM 

CM  CM 

CM 

oooo 

OOOO 

OOOO 

oooo 

OO 

CM  CM 

CM  CM 

(MCM 

CM  CM 

CM 

vO 

mao  -=r  co  in  n- 

-=r  in-=r 

ooin 

OO 

in 

in  CM  N-=T  VO  OOOV 

t^-Om 

vO  t— 

i 

II  1 

CM  1 

1 

oo 

vo  t— co « —  oom^r 

CM  CM  OO 

moo 

00 

CM  CM  O  OvD  OOO 

N-Ov»- 

crvt- 

VO 

N~=rc?vCMCM*— co 

OO 

cm  in 

-=T 

o  ooinco  o  cm  oo 

VON-CO 

avov 

OO 

ooo  vo^=r  oo^-av 

inoo^- 

N-in 

N- 

C'-VO^OVOVOVO  LO 

m  in  in 

zr-=r 

CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM 

(MCM 

CM 

00  CM  CM  CM  CM  CM  CM 

CM  CM  CM 

OOCM 

o 

CM 

I 

CM 

OO 

O 

■=r 


vO 

CM 


CM 


oo 

in 

CM 

■=T 


■=r  mvo  n-co  o  •—  cm 

•“*-*-*-*-<-CMCMCM 


CM 


ooovo-=r-^-^oo=r  o-^^rN-av  crvoo^r-=r  monroN-oo-=r  inoo  inin 


-  in  vo  cm  i-  cm  * 

—  t  i  i  i 


-j=r »-  oocmooov 

w-  I 

I 


■=rvo  oornov*—  inoocT'^-vo^r^r 
vooooo»-voovco.=r  mvooo-=r  in 
oooo  oooo oooo.=r.^-*-voavovN- 
vo  cm  n-  cm  vo  in  ov  mvo  o>  cm  in 


-  CM  0O=y  o  «-vo «—  *— 

I  III 


-=r  CM  OvOCTvin* —  ooOvO 
•^r  ooaocxvcoooinooo-N- 
v£>Nin»-iONvoroh-av 
OCMiTvOMOOvOOO 


cm-=t  inc^-ooor- cm^- invoooo> 

vOvOvOvOvO  t — C — t — t— -N-N- 1 — t — 

cmcmcmcmcmcmcmcmcmcmcmcmcm 

CMCMCMCMCMCMCMCMCMCMCMCMCM 


cm  i>vt  mvo  c— oo  o »—  cm 
coco  co  co  coco  CO  CT>0>0> 
CMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCM 


inoo 

in  in 

VO  CM 

1 

voin 

i  i 

in*- 

me-* 

00N 

-=r  oo 

VO  T— 

-=r  oo 

OO 

00N- 

in 

vDN 

ovav 

avov 

CM  CM 

oooo 

OOCM 

oooo 

inavoo=r-=r  oo=r^r-=r  omt^cnvom  moozr  mmminh-Nooh-^ 


cm  *—  cm  coin  r—  — 

II  II 


•  oooo 

I  i 


vo  cocoo  o  mco^r  ov 
o  co  oo  in  OOCTv  CM  CM  Ov 
•=r ooov  oo^r  .=r  in 
rot—.— -=rco »— -=r  n-  o> 


oo.— oo »—  inin 

*-  i  i 

i 

■=r  o  n-vo  on.— 
invo vooovo 
oovocMinvoin 
ooint-ooovo 


cm  «—  oocm  o ino  o  on  cm 

CM  I  I  I 


cr> »— vo  *— .=r  mao^r  avt—oo 
oooovo  ont— crvoovo  o  on=r  oo 
vooocovo  in-=r.~inc— t— 
«-»-r-^^oavoot^inoo«- 


ooo  c— in  oocm  o  oo  vo 
vo  in  in  in  in  in  in^r -=r 
CMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCM 


m.-avN-m-=r 
oooooooo 
CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM 


o  co  vo-=r  cm  o  t—inoo*-  ov — 
OOCM  CMCMCMCVJt— r-»— *-00 

cmcmcmcmcmcmcmcmcmcmcmcm 

cmcmcmcmcmcmcmcmcmcmcmcm 


O  CM -sr  VO  coo  CM -=TvO  oo  O  CM^rvOaOOCM-=TvOCOOCM-=rvOOOOCM^rv£>00 

*- r- ^  r- ^  cm  cm  cm  cm  cm  oooooo  oooo^- -=r  ^ -=r  in  in  in  in  in 


k*v.% 


228 


-D 


O  00*=X  VOCO  O  C\J-=TvOOO  O  C\I-=T  vO 
»-*-*— *-*-COCMCMOvl 


ooo-=rvocoooo-=Tvocoooo-=rvocoooo-=rvocoooj.=r 
vOvOvOvOvO  0— C— C — O-t— -CO  CO  CO 00  00  OsosOsosOsO  O  O 


0  0000 

in 

coo- 

on=r  on 

co 

i  i 

1 

C  1 

m 

rot-  oo  mvo  *—  uno  m=r 

oo *- 

*- 

«- 

i  ( 

1 

3  1 

*-  m*- 

i—  com 

t— VO  VO 

o 

LOO 

ooao  O 

oo 

i  t 

1 

<-> ! 

00 

mono  oo  so  oo  on^r  on.— 

1 

1  r- 
1 

1  *- 

00 

i 

i  i 

i  i 

1 

1 

1  1 

O  1 

i  *-m  i 
• 

1  1  r-m  I 

fsj^r 

oo 

*— O' 

t— *— co 

00 

i  i 

i  i 

1 

1 

1 

vO 

t-O^-OaovococO^r  t*- 

OOf-i- 

os 

Os  os 

in*-oo 

-=r 

1  1  co 

1 

<n  i 

on 

*-  C— OMD  *—  OSJ^-U3  OO  0- 

vo^r  *— 

vO 

on co 

00*-0- 

(SJ 

1  1  oo 

1 

r>  t 

oo 

ao  o-inommcsjcom=r 

vomo 

<\J 

■=r  os 

omos 

co 

1  1  00 

1 

O  1 

o 

voO'Ooino-as*-oo.=r  in 

t^ooos 

o 

«— 

ononm 

XT 

1  1 

1 

CC  1 

m 

invooo  os  o on=r  inso 

00  00  00 

on 

on  on 

monon 

on 

1  1  * — 

1 

i 

os 

OSOSOSOSO  OOO  OO 

mmm 

on 

on  on 

on  on  on 

on 

1  1  o 

1 

i 

00 

oo  oo  oo  co  mmmmmm 

oo  oo  oo 

oo 

oo  oo 

oooooo 

00 

1  1  o 

1 

i 

00 

oooooooooooooooooooo 

i 

i 

1  o 

( 

1 

O  1 

msoininm^r  t^o 

-=r  m 

vOCOvO  *— 

vO  1 

1 

1 

c  t 

o-m=r 

c— in 

oo 

m^roo 

t~  m  «-  r- 

f-f- 

•—  «— 

00  1 

1  1 

1 

ro  i 

*— 

vo  *-  oo  oo  inco  o  *- 

-=TvO 

O  *-  CM  C— 

O  1 

1 

o ! 

cm  oo-=r 

t— m 

oo 

oo  *-vo 

II  oo  I 

1  *- 

1 

1  * — 

1 

1  1 

i  i 

1 

i  i 

1 

1 

1 

1  o 

1  o 

1 

1 

O  1 

1 

oo-=rvo  t^--=r  mmvo 

OOO 

as  as  co 

O  1 

1  « — 

1 

1 

t'-om 

■=?■  *— 

r— 

o*-o 

aso— =r  oo  int-^r  t^- 

1 —  , — 

aso-^y *- 

00  1 

1 

1 

C0  1 

vo  oo 

^00 

VO 

asmvo 

-=r  cooo  oo  mmo  in 

OOS 

■=r  mo  in 

ao  i 

1 

1 

X  1 

C — vO  00 

c—  t- 

as 

•-coco 

asosoooo  c— vo  inm 

O  0— 

*-  c-- 

as  i 

1 

1 

O  1 

in*-c— 

t'-CM 

*— 

-=T  0-,- 

•  • 

•  •  •  • 

1 

1 

1 

•  •  • 

•  ■ 

• 

•  •  • 

mr-osNiom^a\ 

tnoj 

mt-asvo 

1 

1 

CL  1 

as  co  so 

moo 

as 

■=r  oo*— 

-=r  -=r  mmmmmoo 

oooo 

*-*-oo 

O  l 

1 

1 

1 

oo  co  co 

coco 

C-- 

0-0-0- 

OO  00  00  00  OO  00  oo  oo 

00  00 

00  00  oo  co 

00  1 

1 

1 

1 

oooooo 

oooo 

oo 

00  oo  00 

00  oo  OO  00  00  oo  co  oo 

oooo 

oooo  oooo 

OO  1 

1 

1 

1 

1 

1 

1 

1 

ovjoo  cm 

00  co 

oo 

oooooo 

^■oo^r  mos-=rvovo.=r  o-^-  in 

Ost—^T  *— 00-3”  *—  O-mOsinO  in 


f-^ONOao^C't-o 
rnasmco *-  inco  oj  in 


oo  ocoinm*-covo  m*-  osvo 
O  O  O  OS  OS  OS  0*00  00  00  CO  0- 

c\jc\joooooooocoooc\:ovioooooo 


*-  co  vo  m*-  oo  in  mo 
c—vo  vo  vo  vo  in  in  in  in 


CMOOCMOOOJCMOOCMOO 


ooo£T'OcoocM^rvoaoooo.=rvocoocM.^-'Ocoooo-=3’ 
vovovovovo  c^- e^-c^c^-c^-oocooocooooso  os  os  osooo 


inm-=ro- 

ascooo^r  asasin 

mmmoja'^mr-  i 

\ 

i 

O  1 

C  1 

=t  as 

vo-=r  miru=r  ao  c--=t 

r— 

•-oooo  1 

i 

3  1 

00^0  C~- O' 

ooo  oo  oo  oo  vo  as 

moo  •-  •-  oo  o  o^r  m  i 

i 

o ! 

*—  0— 

moo  *-  o  *-  masvo  oo  *- 

1  1 

•—  |  t—  T— 

III* —  *-*—00*-  1 

1  1  1 

i 

i 

1  1 

O  1 

1  1 

1  OO  1  11^- 

i  i 

min-=r-=r 

cvj  cncr\crno  int- 

1 

-=r  as  oooo  m  o-o  o-oo  i 

t 

i 

1 

00  OJ 

m*—  as  in  *-  o  inao  in 

c--t^-inco 

0»-0(SJ^C-N 

^■coas^ro-inas-^m  i 

»  vO 

(0  1 

o  in 

m=r  in  as  o  t*-  o  vo  o  as 

t^Of-as 

asoasinasoas 

oo  *-co  minmcxj  o-o  i 

i  m 

XI  1 

in  in 

os  oo  m*— oo  *—  m*— ao  *— 

m-=r  oo  as 

•=r  ooooin*— oom 

o  inas^rcooovnasm  i 

I  vo 

O  1 

•— vO 

ino-=rao  r- moo  *- o^xo 

■  •  •  • 

i 

1 

•  • 

coasoo 

oo  mm^r  in  in  vo 

cocoooasasooo*—  i 

i 

CC  1 

invo 

as  *—  oo  m  invo  c—  as  o  *— 

asasoo 

ooooooo 

OOOOO*- *-*-*-  1 

|  r- 

1 

vovo 

vo  f — f —  t — t —  t — s/ncn 

oooo  mm 

mmmmmmm 

mmmmmmmmm  i 

1  O 

1 

oooo 

CMOOOOOOOJCMOOOOOOOO 

00  CNiOOOO 

00  oo  oo  00  00  00  00 

oooooooooooooocnjoo  i 

i 

1  O 

1  o 

1 

1 

oooo 

OOOJCMOOOOOJOOOOOOOO 

moo  mmtnino-asm=3-  moo  m 

i 

inoco-=r  onco-=r-=r  in  i 

1 

O  1 

C  1 

mminonvoincovo^r  oo-^-^ 

0J 

*-  i 

1  1 

^  1 

»-  o^-ooininooo^r^ooo 

oj  moo  macaco  oo  oo  i 

1 

o ! 

oo  o  oo  o-  in  in  c^-=r  t^-  *-  m 

i 

oo  *—  *—  1 

—  *-  i  i  i 

t  r— 

1  1 

i  I  *-  i 

1  1 

i  i  i 

i 

1  o 

1  o 

O  1 

1 

mvo  co 

invo  inao  o-o- mm 

inoo  os-=r  co  oooo  i 

|  r- 

1 

« — 

int— — coint-osvoosmm 

as  min  vo  inco-=r  ascoco  in»—  in 

covo  m*-  in  as  o*- as  i 

1 

(0  1 

in  oj  in  in  *-  m  *-  vo  =r  vo  vo 

OscO-=TaO  OOsvO  O  C\J  00  C\-=r 

voo-=r  c*-*-crxoos*-m=rvo 

oscovo-=r  m  *— osh-vo-=r  oj  o 
in  un  in  to  in  in-^-  .=r  .=r 

CMOOCMOOOOOOOOOOCMOOOUCM 

OOCMOJCMOOCMOOCMCMCMOOOO 


O  Oj  vo  co  O  oo  -=r  so  oo  O  <\j  -=r  \o 


CO  O  CM  VO  00  o  C\J -=r  VO  CO  o  c\l  ^=r  CO  O  C\J -=r  vo  oo  o  C\J -3“  QO  O  C\J -=T  CO  O  (\l -=T  VD  00  o  OJ 
cm  mcooofntwT^-^-  mmmmmvovovovovo  ^o-o-t'-t'-oococoaooocTvCTvcnovcrvoo 


o  vo  m.=r  on  o  -=r  mm 


00*— OOCMO«— CMt— •— 

I  (Mil 

I 

C"-vovoo'vawo-=r  noon 

Noot^omvo^ro 

*—  C— OOOMnOV*—  r— 

t*-  r-ao  ao  n-  t-< <o  vo  in 

oo  crv  O  *-  CM  oo=r  uvo 
OO*"  *-*-*-*-«-  1“ 
onononooooononooon 
CMCMCMCMCMCVJCMCMCM 


oom^r  o^o^r  r-cr. rococo  cnoufunomm*— co 

CM  CM  oo  CM 

o  cm  r-co-=rvoo  on  oovo  moot*- mm  cm  on  ,-.=r 

I  *-  I  |  r—  t—  OO  I  CM  |  CM  I 

I  t  I 

oo  LOt—  LTN  CM -=r<T"0  OOCM  *—  OVCO  IT\  LOO'»  r—  CM  r-  -=T 

in=r  y—  LTsO  r-  CVJO^C — -=T  CO  O  »— -=T  0''-=T  0O-=T  0-0  n- 

cm  t-*-* —  cm  *—  t-— cm  m  m-=r  o-^r  mm  ooco  r—  oo*— 
■=r  f-o  cm  ir»c^- ov  o  cm  oo=r  mvovovovovomm-=r  on 


movDOvCONr-OOO  CO  CM  LO 
»—  CM  CM  «—  «—  CM  CM 

cm  cm  uooo^r  oa>o>o  t—  oono 

I  I  I  I  I  *-  CM  CM  I  CM 
I 

■=r  in  oo^oo  f--=r^r  t'-ov  *— *-t— 
ooav^r  o—  o  cm  o  cm  cr>co  *-CMt*- 
onmvo-=r-  »—  me— r—  -=r  o  vomcM 
OOOvO^  CMCTvvOOOOC—  OVLOt- 


oc—vo^rcMoaot—mon.-ove—moo.-O'Nt—mon*- 
vovovovovOvommmmm.=r-=rj=r-=J'-=r  ooonooonon 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 


t—=r  oj  oco  moo.— awo  *—  avt— 
(MCMCMCMr-r-^T-OO  oavav 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  *—  «— 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


omcMav 

T— 

=r  on 

OO 

mmcMoorr  ,-o 

oo 

CM 

corner- 

TT 

e- 

1 

mmocMr-4-  m 

ii  ti 

O 

oovoom 

ooco 

o> 

^^TCOOVOOVO^T 

vO 

vo  e— 

CO  0— 

CM 

r-oo »-  ctn  oo=r  cr> 

on 

OOCM  OV co 

^=r *— 

OO 

mavCM«—  ov=rvo 

^=r 

COO^OO 

mvo 

vo 

vo  m  m-=r  CM  «—  cr> 

m 

cm-=t  mvo 

coav 

_ _ 

on^r  mvon-coco 

o 

ao  ooco  co 

COCO 

av 

CTv  Ov  Ov  C7v  Ov  Ov 

o 

CM  CM  CM  CM 

CM  CM 

CM 

CM  CM  CM  CM  CVJ  CM  CM 

oo 

CM  CM 

CM 

CM  CM  CM  CM  CM  CM  CM 

CM 

cm  ooon^r  c— cm  m=r  oooovocm  oooooovo-=r- 

oo=r^r  cncnme— cm  ovcovo  on*- vo  cm  m  cm 
*-  oocm  cm  r-  cr'ovoomoomomvo  ov 

I  I  I  CM  *—  I  *—  CM  * —  l 

I  I 

ocm  one— vo-^-co «- ovovocovocrvooon  no 
»— CMCTVt— 1— on.—  mCM  LPiVO  o  N-=r^o>  vo 
CM(MOvmooaovOr--=r^r<MoooT-av^r  co 

O  0—000 VO  CMCO-=T  CT>OOCO  cm  mco  in 


ojcMon=r.=r  mmvovoe— e— aoaocy'ovo*'  o 
oooooooooooooooo  *- 
oooooooooooorooooooooomoooooooo  on 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


»—  c— .—  ^  t— ^-=r  ctvoo^t  o>cm  rOr-  Ooo^tOiticmoo 
I  *-  I  —  I  *-  1  I  I  *-  I 

I  I  I 

oo  -=rvoo>o-voco  mo  ooc^-oo^r  oocm  c— o  c— ooo-=t 

vo  cr>t— o  ooo  oovo  oococovo  o  avonzr  onavov 
r—  oon=rooovro=r  roo-^vovD-sr  c^*— cmovoctxo 
t—  oo  ooovcrvco  o— vo  -^r  cm  oco  mono  f'-onavvo 


ooco  cm  cm-=t  oooomm  o*v*— m-=r 
»-  CM  *—  *—  CM 

r-ooma-^*-r'£)  m^rcMco 
I  *-CM«-  I  I  I  CM  *-*-*“*- 
II  II 

^om^  c— cm  *-co  o  oooom 
•=r  o— =r  f-'DsmOJ-  a>CMor— 
VO  O  CM  CM  <7v«=r  C— COvO  me— vocm 
c— ooao  one— novo  o-=r  *— -=r  c— o 


ao  on*— o^c— ^  cm  ocovO-=r  CMOt — mm*— covo  co*— 

OO  OO  OOCM  cm  CMCMCM*-.—  OOOOCTvCTvOVCTv 

Oo  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  *-*-*-.— 
CM  (MCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


\o-=r  w—o^kd=t  i—  co vo 
ooco  co  t— r— e— c— vovo 


CMCMCMCMCMCMCMCMCM 


*-comm 

vommm 


co  o  cm -=r  vo  ao  o  cm -=r  vo  oo  o  cm -=r  vo  oo  o  cm -=r  vo  co  o  cm -=r  vo  oo  o  cm -=r  vo  co  o  cm -=r  vo  co  o  cm 
cm  oooooocoon=r-=r-=rrr  mmmmmvovovovovo  o— o-o-o-  o-cocooococo  cooavcnavo  o 


'M 

■v.y 


» ■«  „ » 

m 

v  .v. 

v.<-. 

>>1 


■:  r;w.  ip;  r;  a  *. f. 


i 


v. 


p: 


■.'.-.vvv.v;.1 


■  V  V  ■  7«  ^  l  l 


7.  .^'.'TVV.v^  .v.v.v  v.v  v/. 


1 

1 

O  1 

c  1 

00 

-=r  m 

mvom 

r—  m=r 

m 

0 

m^r  rrv=r-=r  mt^o  m-=r  m 

ov 

mmovot^Nm 

-=r 

1 

r>  1 

CM 

CMr- 

t~ 

«- 

r-  CM 

CM 

1 

O  1 

CM 

mm 

r —  mcoo 

comm 

m 

r — 

CM  O>0  CM  O  r— r— 0  1*~  r- 

vO 

mo-=r  (vv=r  0  m 

O 

1 

l 

1  1 

O  1 

m 

CM  CM 

1 

1  r-  t 

1  1  I  1  CM  1  CM  1  1 

1 

» 

CM 

1 

1 

1 

1 

1 

m 

vOCO 

O  t-  r— CO 

mvoc- 

av 

m 

cm  0  cm  C'-mvo-=r  c^vocmvo 

=T 

MJmmt>-r-(M 

VO 

00 

1 

0)  1 

ao 

ov^r 

mmcMm 

OvvO-=r 

00 

0 

00  av=r  t^-00  CM  CM  CM  O  CM 

< — 

-=3*  ot^momr- 

m 

CM 

1 

X)  1 

CM 

vom 

^rovmc^- 

^rvoc^ 

t*- 

vo 

m  r- CM  VO  O  ov  T-  CM 

m 

*-oc-mcMoo-=r 

m 

0O 

1 

0  1 

vO 

OVVO 

ovmcMco 

smn 

T— 

m 

vo  cm  c^- moo  ^=r  ov=r  ov  m  0 

0 

oi^n^rnrricD 

e- 

1 

1 

• 

•  • 

•  •  •  • 

•  •  • 

• 

• 

•  •••••••••• 

• 

• 

1 

CC  1 

cm  m 

mvovo 

co  O'er. 

r— 

CM 

^■mmvovosMocono 

, — 

cm  cm  cm  mmzj- 

m 

w— 

1 

l 

Ov 

OVOV 

0>C7>CTnCT' 

CTVCTVCTV 

O 

O 

OOOOOOOOOOr- 

T— 

w—  * —  « —  « —  « —  « —  , - 

V— 

0 

1 

» 

CM 

CM  CM 

CM  CM  CM  CM 

CM  CM  CM 

m 

m 

mmmmmmmmmmm 

m 

mmmmmmm 

m 

CM 

CM 

O 

I 

1 

CM 

CM  CM 

CM  CM  CM  CM 

CM  CM  CM 

CM 

CM 

cmcmcmcmcmcmcmcmcmcmcm 

CM 

CM  CM  CM  CM  CM  CM  CM 

CM 

1 

0  t 

1 

C  1 

coc^-  CM-=r  m 

mr-m 

m  m=r 

m=r  murmm=rmmmm^Tmt-“t^^rm  mmm-=r  m 

CM  OO^T  mvO  t^-OO  (JNO  r—  CM  m=T  mvo  <>  0 »— cm  m=r  mvo  t'--ooO‘>o »— cm  m=r  mvot^-cocr- Or-  cm  m=r  m 

»-(\j<\j<\jc\j(\j<\JC\jni<\jc\i  mmmmmmmmmm^r-=r-=T-=r-=T-=r 


cm  cm  cm 

1  l  1 


CM 

Or- CM 

r-*r 


CM 


m*- 

CM  I 


r—  O  r—  r-  J3-  CM-=r  O  0-=T  in  CM  O00  O  O  CM 
III  I  — 


r— CMlTWg-r 

till 


LTtvO 

mo 

m,- 

om 


OCOOV 

ov=r-=r 

OvOr- 

t-mvo 


oococ- 

CTvr—  r— 

avcno 

omm 


CM 

VO 


CM 


CM  CM 
vO  00 


ocMOvovsr  r— ao  moo  mm<7vO-=r  o  mov 
ctno-=t  mcrvo  mminrn  t^-voc— 00  t^ir>co 
onco  mcMoo  mo  v^onc*>oovt-  m=r  mm 
«-  mm  t'-co  o  cm  m=r  vo  c^oo  o  r—  cm  m=r 


movosco 
oomino 
=*  mocom 
vOfr-COCOOv 


vo  in 
coco 

CM  CM 
CM  CM 


mCM  «- 
CO 00 00 
CM  CM  CM 
CM  CM  CM 


OC7VOO 

ooc^-c- 

CM  CM  CM 
CM  CM  CM 


VO 

C*- 

CM 

CM 


-=r  m 


CM  CM 
CM  CM 


cm  r— o  ovoooo  c^-vo  m.=r  mcM  cm*-o  ovco 

t*— t*— t'-vOvOvOvOvOvOvOvOvOvOvOvO  mm 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


voin^r  mcM 
min  in  in  in 

CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 


mc--mmmmm^Toovo  mcM^rvo  m=r  mo-=r  mm 

CM  r-  r-  r- 


mmurom 


m-=r  m=r  mmoj 
CM 


mmmmcM 


m  m  o  r- mr- b- 1-00  o^=r  cm  vo  r 

I  III  r-r-  r- 


»-0^r-r-0 

I  I  I 


r-r-r-OCM 
I 


I 


inonmCMmcMOv  vo 

I  I  r—  I 

I 


m=r  mCMm 
1  1  1 


*—  O  mvO  O  CM  mvO  O  C*-r—  C'-v-Ov  CM  vOOvOvO  o  t*- 
■=r  inoovo  cunvo  cm  r-  mo  cm  c— vo  o  t—  crv-=r  vo  000 
vo  CM  C^CMVO  O  <v>OC0  avo  O  ON00 r-00^T  o*^ 

mr-covomr-co  m<Mave—^r  oc—- =r  r-oo^r  r-ao-=r 


ovsmmm 
ssmoi^ 
cm  moo  Or— 
c— movvocM 


00  mr-coor-o 
cm  t-~coova\co-=r 
CMr-ooovomo 
srovoT-scnov 


t- 

00 


r-mmc—^r 
•=T  t^OVr-CM 
VOr-VOCMt"- 


CMmm=r  mvovoc^-oooooor—r- cm  mm=r  mmvo 
vOvOvO  vOvO  vOvO  vO  vOvO  VO  C 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


t~-cooo  o»o 


CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 


»-  cm  cm  mrrvrrr 
00000000000000 

CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM  CM 


•  •  •  * 


VO 

00 

CM 

CM 


f—COOOO'vO'v 
00 00 00 CO  GO 
CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 


O  1 

O  1 

1 

C  1 

Momon 

1  1 

1 

| 

0  1 

(Mr— mm 

*—  1 

1  1 

CMr-  1  r-r- 

CM  1 

0  1 

1  1 

CM  1 

1 

O  1 

1 

r —  r—  rnc —  0 

1 

CO  1 

mi-m^-a- 

1 

n  1 

co  00  t*-vo-=r 

1 

0 1 

VOOOOCM-SJ- 

1 

a.  1 

c — vovo  m-=r 

1 

1 

mmmmm 

1 

1 

CM  CM  CM  CM  CM 

1 

1 

1 

1 

CM  CM  CM  CM  CM 

1 

1 

» 

*“P  1 

CMm=j-  mvoh-c 

mmmr-4  mmsro? 

CM  r- 


om 

CM  r— 


m  c — vooo  mm 


■=3-  ovoco-=r  mm*=r  mm 

CM  r- 


mr-  r-r-r— O  mvO  mr-  iHr-  r~ 

I  I  I  I  I  I  I  I 


ovcm 

r-CM 

I 


•mcMcoor 


r^O^T  l-r-(Min04  m 

m  1  1  cm  1  1 

1 


1  1 


mo  e^mvo  o  oco  c^cm-=t  mm 
^fl-sq-vOr-f-voc^ocMm 
ov  m  r—  vo  r—  m  on  cm  .sr  vo  t-oo  00 
c^avr-cM-=r  mvoooovOr-CMm 


ovo 

vom 

vom 

mvo 


00  mvo  00  m*=r 

r— OOOOCMCMvO 
ovo  CM00  ms 
OOOOCT'OVO  O 


mr~mo-=r  N«-moom 
voavmt^-e^oco  CMvO  r- 
<=r  VO  O  O  r—  CM  r—  «- 

r-r-r-CMCMCMCMCMr-r- 


mcM 
CMvO 
CM  00 
r-O 


cMr-*-oovoo  t^-vo  mm=3-  mcM 

CMCMCMCMCMCMCMCMCMCMCMCMCM 

CMCMCMCMCMCMCMCMCMCMCMCMCM 


OOv 
■=r  m 
CM  CM 
CM  CM 


c— vom=r-=rm 
mmmmmm 

CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM 


r-  o  avoo  c^-vo  m-=r  mcM 
mmCM  CM  CM  CM  CM  CM  CM  CM 
CMCMCM<MCMCM<MCMCM<M 
CMCMCM<MCM<MCMCMCM<M 


on 

CM  1 — 
CM  CM 
CM  CM 


r— .-r-r-,-r-r-r_,— ,-cmcmcmcmcmcmcmcmcmcm  mmmmmmmmmm=r  - 


-cm  m=r  m 


231 


& 


•  WW V'/-.’ ■  ■ 
-t -  /-  /-V-.-.--  5-.  <.  f. 


•*.v. 


'  J 


v'-y 


y.A 


vot-oooNo*-CMco=r  iAvot-cooxo*-cMco=r  LAvot-oooNo*-cMco3“  iAvot— cooxo*-  cxjrrvr  lavo  t-oooxo*—  (\ira?  la 
=T  zf  ZT  -=r  LA  LA  in  LA  LA  LA  LA  IA  in  LAvO vO  vO  vO  VO VO  vO vO  VO vO  C— C— t—  C—  t*-  t*-  C— t— t—  t— 00  OO  00  CO  CO  00  CO  00  CO  CO  Ox  On  Ox  ON  Ox  Ox 


OOCO  O  Y—  C— OCO 

*-*-  <m«- 

C- 

CO 

^  *-  On  COLA  C— vjO  LA  C- *- 
*—  <\J  CM  CM  »—  *-  *- 

TT 

vorooooNom 

LA 

CM 

zf  C— =T  00  CM  C-OOOvO  O 

CM 

1  *~*-  1  CM  CVJ 

1 

LA 

1  1  CM*- CM  1  1 

1 

OO  c—  * —  o  >. —  o°o 

C- 

LA 

=r  *-oocjn*-olal rw=r  cm 

Ox 

CMlAVOOOOCMO 

T - 

CO 

lAvoonc— on-=t-=t  c—ox*- 

^T 

*— ^voctnon»—  «— 

o 

■=r 

tr-CMCOCMtr-O^r  LACOON 

r— 

VDO^TCO  CM  c— «- 

ON 

o 

t— *-^rco*-  inco  c^- 

c- 

VOt-t— C— OOOOOx 

On 

*-  CM  CM  CM  COCOCO=r  ^  ZT 

LA 

V —  , —  v - , - , - , - I - 

t — 

CM 

CMCMCMCMCMCMCMCMCMCM 

CM 

mm  mm  co  ooco 

co 

CO 

CO  CO  CO  CO  CO  CO  CO  CO  CO  CO 

CO 

CM  CM  CM  CM  CM  CM  CNJ 

CM 

CM 

CMCMCMCMCMCMCMCMCMCM 

CM 

O^T  vjO  LACOLAC— O  c— COCO  O  C — OxvOCOvOVO  LACOOx 
CM  «-  *-  *-  *-CM*- 

■=T  LAt— 00 
r-CM*- 

t-ot- 

CM 

OOVO  *-  LACT>r- 

CO  CM  CM  *— 

OMAONLA-=3" 

CM  *- 

8 

21 

COLA 

LA-=T  rOLA  LA  LA00  C-CO=T  r-VO  CM  CO  CM  LAvO  CMCM^T  O 
*-111  *“*-  lilt  III*- 

1  1  1 

*— O  (MvO 

1  *—  CM  I 

1  1 

OX  CM  CO 

OOCMO-s^OxCM 
*-  1  *-  CM  1 

1 

VO «— vO  O  *j- 

LACO 

1  CM 

•=r  oo 

«-  i 

ox^r.=r  t-c^-oo  ox  ox  cm  o  cm  c— cola  cm  coooo  ox  cot- 

T-  C— COt— CMLAOx^-  LAVO  CO  C— ONt-OO  LA  LAO  ON  CM 

O  o  *-  *—  cm  cm  cm  ro ro co ro rococo co co co co c\i  cm  cm 

-=T  CM  CO  LA 
COLA*- CM 
*-OOOx 

ONOOr- 

t— CO*~ 
c — c — VO 

COCM  *—  C —  LA  *— 
cnjvo  *— ^rco  *- 
-=r  cocm  « —  on  on 

LA*—  C— On(M 
LAvO  t— vOCO 
VO^T  CO*— O 

•=3-  CM 
CM  CO 
LA-=T 

075 

.797 

CM  y —  O  Ox  CO  C*-vO  UM=r  CO  CM  T-  o  ON00  t^-VO  UM=r  CO  CM 
LA  la  la*=t  ^  =r  zr  -=r  -=r  -=r  -=r  .=r  cocooocococoooco 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 

OOncOvO 
CO  CM  CM  CM 
CM  CM  CM  CM 
CM  CM  CM  CM 

TT  COCM 
CM  CM  CM 
CM  CM  CM 
CM  CM  CM 

OONOO  t— LA-=T 

CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM 

(Mr-  OONOO 

*—*—*—00 

CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM 

co 

oo 

CM  CM 
CM  CM 

2201 

2199 

yv% 

.sv 

I® 


“-y-iN 


:*w 

•>y 

c-V>/ 
i  ■•! 
•///,- 
>SC; 

-  V  V 

•V/1 

.*  •  f  J 


coco 

CO 

cm  ro 
CM 

VO  coco 

LA 

C— CO=ft-COCMCO 
CM 

vO  COSTCO 

-=T 

cot— cm -^r  coco 

-=T  t- 

■=r  co  cm 

00 

co=r 

COCM 

1 

co,- 

CM  | 

-=r  cvj 

1  CM 

VO 

CO  *—  CM  vO  »—  v—  CM 
*-  1  1  1 

t— *—  CM  »— 

1  1  1 

CM 

T-^r-=r  c— ca=t 
*-  1  *-  CM 

1  1 

OLA  CM 
CM*- 
1 

lAt— 

1 

O 

CM*- 

1  1 

LAC— 

LAO 

LA  ON  CM 

CM 

ooonco  t— ^tvocm 

vocmvo^t 

Ox 

ONvo^rco  oon 

*-.=rvo 

CM  C— 

00 

(MvO 

vO  O 

O*- 

co-=r  on 

t—  cot—  *-  LAVO  on 

ONCA=T  la 

CO 

-t—t— 0-=T  CM 

O  CO*— 

vO  CM 

ON 

i —  r- 

COCO 

*-o 

^3-OvO 

h- 

VO  O'  O  CM*—  CM 

oc— vOt- 

CO 

CMOOONLA^TOO 

LAOOON 

o*~ 

00 

-=r  t- 

CMC— 

t-CM 

r-vOO 

Ox 

00  CMvO  *-  LA  On  CO 

r— ^=r  00  CM 

ON 

\^>  ON  CM  VO  Ox  CM 

O  CM  LA 

•-CO 

C- 

CM  LA 

oo 

t-CM 

coco=r 

-=r 

in  vo  vo  c~  t^co 

OnOnOnO 

o 

«—  *—  CM  CM  CM  CO 

LA  LA  LA 

vOvO 

vO 

c— C^- 

ON  On 

ON  On 

ON  ON  ON 

ON 

On  On  0>  ON  On  ON  On 

Ox  On  ON  o 

o 

oooooo 

ooo 

oo 

O 

oo 

CM  CM 

CM  CM 

CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM  CO 

CO 

CO  CO  COCO  CO  CO 

CO  CO  CO 

COCO 

CO 

coco 

CM  CM 

CM  CM 

CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM 

CM  CM  CM 

CM  CM 

CM 

CM  CM 

co=r  co  la  LA  LA  CM  vo  t-cooo  t—  <vvo  cot—  CO=T 

ONCNCoco=T-=r^r  r-cocovoco 

f—  r-  *— 

CO  LA  COCOCO 

CO=T 

it  vO  IA  CO  O  Ox  CXJ  vO 
*—  CM  CM  CM 

1  1  1  1  I  *-  I  y  1  *-  1 

t-  i  Tr-'  i  •  1  *—  I 

1  1 

1  1 

1  ‘l 

1  *—  CM  1  *-*- 
II  II 

vo  C—  C—  LAOOCO  t— oo  IA  t—  O  *-  ON  CM  ONOO  CM  ON  IA 

vo  co=r  onov=t  cm  e-cot—  o  *— vovooo  *—  oo  o 
cr  on-^co*— rr  t— ono  *-*-*- ocovo  co*- vo  co 
oonctnooooc— volaltv=t  cocm  *-  onoo  c— vo^r  co 

CM  r- CO  LA  COSTCO  COON  ax  ON  t— 

vo-=r  (n^ooooo  c— c— c— cocooo 
(MvO  o  CM  LAVO  oo  00  ONOO  00  LA 
ooo  C— LA  CO*- ON  t— LA  CO ON 

O  ON*—  t— *— 
CM3“  CMC—  *- 
on^t  *—  la 
LA  CM  OOO  LA 

0375 

7955 

o-^oo  *-  cot— oooo 
c— -=r  oj-=r  coco 

LA^TOOvO  OxOON-=T 
CM  OXV O  CO*- ST  r- 

00  VO  IA-=T  COCM  *—  O  ONOO  C— VO  LA  COCM  O  0x00 

vO^r  COCM  *-  ooo  C— VO  LA-=T  CM 

00x00 vo  LA 

CO« — 

Oxt— VO  LA-=T  CM  *—  O 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM*-*- 

CMCMCMCMCMCMCMCMCMCMCVJCMCMCMCMCMCvlCMCM 

c\j{\jfvjc\jnjf\jnjfvjc\j(Mc\jc\j 

CM  CM  CM  CM  CM 

CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM 

v£>t~<DCTiO«-fvj<rvTinvOt^COCT'0  t- <M  m3- invD  t-CO  (Tv  O  .- C\J  on=T  invO  C'-COCT'O  <-  CM(VV3-  inv£>  t~-CO  O'  O  T—  C\J  m=r  in 
^^rr^inu'ininininininininovovoioiovovovoiovo  t~-t'-t~-t'-t~-r'-t'-c~c^c~-cocococoaocooocoaocoCT'cy'CT'0'CT'0' 


232 


1 


a 


9 


VO  C-'-CO  O' Of- CM  on=T  in  VO 
CT'tT'O'O'OOOO  O  O  O 


vo  r-co  ov  o «-  c\j  on=j-  invo 
(MJNOvO'OOOOOOO 


1 

1  O 

1 

O  1 

■=r  ooncor-oovoo*- 

on  i 

1 

1 

C  1 

onc-onmov 

*-  CM  CM  r— 

i 

1  1 

1 

3  1 

*—  onr—  invo  o  invoj=r 

CM  1 

1 

O  I 

cm  onojt-  on 

1  *-  1  CM  1 

T—  | 

|  <r- 

1 

1  1 

i  i 

1 

1 

1  o 

1 

O  1 

1 

1  o 

1 

1 

ooo  ont-vocovo  invo 

CM  1 

1  o 

1 

1 

crvinon*-  o 

t*-o-t--onint*-^r  t*-o 

CO  1 

1 

1 

<n  i 

onvocMonco 

voctnt-  on^r^r  inorvr 

O  1 

1 

1 

O  1 

onco  on  c^o 

oo -=r  CMooin*-oo-=r 

=r  i 

1 

1 

O  1 

vocor-onvo 

co  o-vo^r  onovjoovco 

in  i 

1 

1 

CL  1 

OOnOnCO  o- 

mininininini/v=r-=r 

■=r  t 

1 

1 

| 

on  CM  CM  CM  CM 

r*  r—  r—  *—  r—  r—  r—  *—  r— 

y—  | 

1 

1 

| 

onmon  on  on 

CMCMCMCMCMCMCMCMCM 

CM  1 

1 

1 

1 

CM  CM  CM  CM  CM 

Or-(\J  cr^zf  mv O  C— 00  CT>  O  *-  CM  crv=r  ir»vO  C^co  on  O  r-  CM  on=T  ITtvO  c*- 

CMOJCMCMCMCMCMCM 


■=rvo  mt-^Tvovo  c— in  on=r  incovo-=r  tno^=r  inon=r;=r  in  on 
cm  r-r- 

inint^CMOj  c— cm*- -=r  cm  on  cm  m»-i^»-irNC\Jocnr-irir  m<M 
i  it  I  i  i  i  *-  i  ^  til 

i  l 

oinino^uv^Or— covoinovo*— oin«— o*— CMOcoawoin 

«—  O  OOCT>*“COOO  0O»—  in  COLO  CM -=r  O  CJvr  «—  LOCM-=T  <t»o  Vn-=3“ 
vo  t^c^-vo  vo -=r  cm  ot^oocrN-^CT\  on  cm -=r  invovoinmonf- 
co  in  cm  a> vo  onoc*-movomaxvocMcom»-t^moMn^“t^m 

OOOvOO«-CMmm=r  lnlnvOvO^-OOOOO^OOr-«-CMmcn=^ 
vOvO  t — C — C — C — — C — C — t — t--C — t"-C — C^-C^-COOOOOCOCOcOCOCO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCVJCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


c\j  ^m-=r  in  o  on  cm  .=3-  in  on 

CM  CM  CM  r- 

CMco^r<=r  inino  mom*- 

CM  CM  CM  r-  t  I 

I  I  I 

■=r-=r  iTiC^-o>c^=TvocM^rvo 
on=rvoo-=r  c — o  vo-=r  t^-in 
onov=r  CT'onvo  o  cm-=t  invo 
cm  cm -=r  c^- on  f- on  in 


cm  vo  in-=r  ona*  mont*-  cm  cm  .=rvo  on 


cm  *-vo  mm*-  cm  cm  ono <r*vo  cm  «--=r 

I  I  I  I  I  *“  r-  || 

I  I 

ovin  b-ONvo -=r  cm  t^- cm  t^-ont*- inco 

•=T  O'-*—  CM  t — vOOCOO  t'-o-=T  vo  *—  o 
vo  ir\=r  cm  o>vo  mco.=r  co  on*o  o>  cm  -=t 
on*— on  invo  coo*— on=rvo^-<x>o*— 


in -=3-  on  cm  cm  t-  o  ctnovgo  c— 
vovovovovovovo  inininm 
CMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCM 


inin^r  mcM*-*-oo>coc--voinin.=T 

Lninininmininir\=r.=r.=3-.=T.=r-=r^3- 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


^TNON 

CM 

i 

i 

i 

C  1 

=T  C-vOU%=T  CMCM^T 

a^cooon=rvo 

c^-o*-=r 

roo^nnsoo 

T~ 

*■" 

i 

i 

i 

:=>  1 

r—  Sf  *—  *—  r— 

CM  r-  T—  CM 

onon 

*-  *- 

o-=r  on=r 

VO 

i 

i 

i 

u ! 

Oc-~=rO<\jcoc-'0 

av  cm  voc--oo  on 

CMOVy- 

avvo  o  cm  cm  in^r 

i 

i 

i 

i 

i 

i 

i 

1  1 
o  1 

1  1  OJ  1  1 

.-ii  ii 

CM 

i  i 

in  CM  CM 

in 

i 

i 

i 

i 

i 

i 

1 

oms-incoo^-^ 

q-O^rvorrit- 

on*- on 

in-=ronaoovy- r- 

co-=r  cmco 

i 

i 

00  1 

CO  1 

oovoovovoo-=r  ino 

f-vOvOCMO  •=»■ 

r—  O  OV 

o^ooininco 

cMinoo 

t— 

i 

i 

CM  1 

-O  1 

vooooooons 

onoMn*-voo 

0-0^ 

on=r  o-co 

m 

i 

i 

VO  | 

O  1 

in  cm  <y»  c*--=t  r— 1'—=3* 

co^r »— co^r  *- 

onovo 

ao^r  ovocm  o-m 

co  coco  00 

ON 

i 

i 

1 

or  ! 

on=r-=r  invo  tr— c^-co 

CTvOr-r- cm  on 

inin 

vot^co co  onovo 

oooo 

o 

i 

i 

»-  | 

i 

mmmmmmmm 

on=r^-^r^r^r 

■=r.=r.=T 

>=r  ^3"  ^  in 

mmonm 

on 

i 

i 

O  1 

i 

onononononmon  on 

mmmmmm 

on  mm 

mmmmmmm 

CM  CM  CM  CM 

CM 

i 

i 

i 

i 

O  1 

o  \ 

i 

i 

CM  CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM 

CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM 

o-cMono't-irvOirvoovoinmvoooot--o^=J-  c*- 

*-  *-  *-*-  «-T-  CM  *-  ZT 

inov^-  t'-onov*-  cm  t>-a\oa'r-  o  cm-^  o  *-co  cm 
ii  i  ill  i  *—  i  ii  i  *-  i 
i 

CM  CM  *—  OnOn*— •- 1— COCM  t~O-=T00in*-«=r  OOV 
ovvo  CTvon=r  co  c—o  co  cmoovooo  int^CM-sr  in 

inc^-co  ovovco  r-vo  ono  c^oncomo-*--=r  r—ovo 
o  cm -=r  vo  ao  o  cm  ^rvo  co  ov»- cm -=r  ine^-ooovocM 

vo  irv=r  oncM  cm  *—  o  cko  o-t^-vo  in-=r  on  cm  *-*—  o 

PsjCMCMCMCMCMCMCM*—*—*—*—*—*—*—*—*—*—*—*— 
on  on  on  on  onmon  on  on  on  onmon  on  on  on  onmon  on 
cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 


o»-CMon=r  invoc— oo  ctv  Or- oo  on=r  invoc^co  ovo»— cm  on=r  invoo- 
* —  *—*—*—*—* —  *—  *— » —  r— CMCVICMOJCMCMCMCM 


YA  V.v  V.N  VVV.N  V  v  v*v  V  ' • v  v'  4- 


233 


v.~.- 


r^:=r.=rco.=3-  c— t^-ocMcoo 
*-vo  Co  cvi  <-vovo  cm  in  moo 

I  T-  I  I 

I 

rnvovo  i—  <m  int*-vovo  com 
c^minoo-=r  cm  m<M  cm 
«-  •— i—  ooovo.=r  *—  r-mco 
crv=r  rnvovo  t^-ooooo  o 


c--«— vo-^fvcoo  o  moao  C">~ =r  onto  on  cm  mm 
«-  cm  *-  m 


t- m  o  o  (vvt  vo  cm  f- c^cm*=^  m^- o  cm  m*- 

I  T-  I  I  CM  I  I 


omvo-=rococ--T-ocMO<Mmmo<\JC*-^r 
oo<M*-.=rmcMOO-=rovo.=r  incM<Moot-«- 
vo  o  min  t*-co  oooo  co  t-  in  mo  e—  moo  moo 

«~(MCMCMCM<M<M<MCMCMCMCMCM»-t-000 


oo  r-  m*-  cm  cm  c — vo  in-=r  mmvo  m-=r  m^r  mo 

CM  V—  y- 


■a>mm*-0(Mf 
i  i 


*- mm*—  o  cm  (\j-=r « 
I  CM  I  •—  I 
I  I 


o  o  cMomoc — m-^  mc'SO'fl-  m*—  inom 
cot— o^vo  oom*- mo  t—mvooo  cm  ocm 
in  c*-  o  •—  cm  mcM  cm  ovo  o  vo  cm  vo  oo 
oo  t^t^-vo  m^  mcM «—  oco  c*-— vo-=r  m«—  oaovo 


ooo  C^-VO  U\=T  m  CM  *-  *-  o 
ooooooooooo 
mmmmmmmmmmm 

CMCMCMCMCMCMCMCMCMCMCM 


oo  c — vo  m-=r  mcM *-  oooo  r-vo  m-=r  mcM  o 
o  o  o  o  o  o  o  o  oco  co  oo  oo  co  oo  oo  oo  oo 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


co  c— vo  m=r  mcM »—  ooo  t^vo  l n-=r  mcM  ooo 
t —  C^-~  t —  t — £■— t^-t>-vOvOvOvOvOvOvOvO  mm 
CMCMCM<MCMCMCMCMCMCMCMCMCMCMCMCMCM<M<M 
CM<M<M<MCMCM<M<MCMCMCMCM<MCMCMCMCM<MCM 


co  o  o  *-  cm  m=r  mvo  r-co  o  o «-  cm  m=r  mvo  t— co  o  o  «-  cm  m=r  mvo  t— oo  o  o  cm  m^r  mvo  t^-oo  o  o «-  cm  m=r  mvo  e*~ 
<MCMmmmmmmmmmm=r-=r.=r.=r;q--=r.=y.q“.3-.=r  inmmLninininmmmvovOvovovovO\ovovovoe^-^t^-c^-E‘'-c^-t'--c*-- 


e*-  o  ommommo^mmmvoe^-sr 

CM 

c—  o  vooovocmo^t  «—  *— cmovoc*— CM 
*-  I  1  I 


in  vo  cMomc^-minvo-=T  c— cm  *—  mt^- 
oo  oo  4-oorOr-mo^vovooooN 

CO  *—  CMVO  0-=T  C — O  »—  C\J  CM  CM  CM  O  OvO 
oo  o  ^vocMC^CMC^mcooncomoocMt^- 


vo  mmmco^r^r^-^r  mmmcovomcM  m*—  mmomoo-=r  CMincMmmmrr 
CM  T-  CM  CM  CM  r-1-*- 

-=r  cm  CM-=roo  cm  m«- r-  *-  t^-oovo  cm  *-  cm  mmmoovo  <-  *~c\ic\j 
I  I  CM  I  I  I  I  I  «-  I  *-  I  t  CM  CM  *-*-*-  I  | 

I  III 

*- J3-  cm  o  cm  in  cm  comvo  mmcM  ^3- -=r  c^-h- cm  co  in  in  ino-=r  uvt -=3- ooo -=y 
^r^rco^r  ovoc^mcMvo^rc^-m=r  oaomm=roo^rcooo»-  svot-ooo 
ovOr-^f-zrNO(vjorv3-34-mc\jot^3  0vo^inomiTKCoor-oo 
£•—  *~vo  o  mo  moo  cm  vo  o-=r  co  cm  voomc-'-i— .=rco  *—-=rco  »—-=t  c«~,— .=r  f— o 


j=r  vo  NH»cooooo^r-c\jCMmm 

00  co  Ooooaooooooooooooooo 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


-=r  mm  vo  vo  vo  t^-b— coco  oooo  o  o  cm  cm  cm  mmm=r  in  in  in  vo 

oooooooooooooo  ooooooooooooooooo 
cmcmcmcmcmcmcmcmcmcmcmcmcm  mmmmmmmmmmmmmmmmmm 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


VA./  - 


voin 

oo 

in 

-=T 

cm  mmmmmmvo  m  mm=r  cm 

vo  in 

ooo 

CM 

CM 

1 

3t-ooom»-co3t-oc\jmo 

ill  «- 

i 

com 
in-=r 
invo 
cm  m 

mm 
mo 
vo  m 
mvo 

CM 

^r 

CM 

CO 

00  o  CM  o  moovo  c^q-  Ov O  OCQvO 
coinqcovooovof-mmr-t-vot^ 
vomo3  omiso  mint^cooocx) 
ooo  »-t- cm  (Mmmmmmmm 

m<M 
^r^r 
CM  CM 
CM  CM 

oo 
*=r  m 
CM  CM 
CM  CM 

m 

CM 

CM 

inKW  moj  ^  o  cr>oo  r~vo  uvr  m 
moommoomcncvi  (\j  rvirvj  cm  cm <\j 

OjC\J(\J<\I(\J(\JC\J<\JOJCVJOJC\i(\J(\J 

cvK^oj(\jf\iOjrvjc\jrvjcooj(\jfy<\) 

voinmminmmcommmuvrvDi-^mo^minvo  m  o 

»-  cm  •- 

ooo  o  *-  m*-  cm  mr-r-r-smoo  inococ— cm^t  in  cm  m 

II  t~  |  r-  t—  I  CM  «- 

I  II  I 

oojvoNoooooinoinoincNt-vOf-voNr-^r-  cm  in 

oooooor~oo-=r-=r  oo-=3-=rminvo.=r  t^-^r  m*-ot*-  o  m 

vo  in  cm  o^>  cm  co  moo  cm  moo  o  cm  m=r^r^r  mcMOh-  r*-  t"~ 

mmmmoj(\jT-  *—  O  ooooaoc"-vo  m-=r  mc\i  r-oco  «— 


»-  o  ooo  t — vo  m-=r  mc\j  o  ooo  c^-vo  in^r  mc\j  *-  ooo 

CM  CM  *—  * —  *-*—*—«—  *—*-0  OOOOOOOOOO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM^-^- 
CM<MCM<MCM<M<MCMCMCMCMCM<M<M<M<M<MCM<MCMCMCM 


in  m 
o  o 


oo  in-=r  oo  *=»“  in  invo  c-- in  o  cm  moo  in^r  oo -=r -=r 

*—  * —  CM  t—  CM 

o  f-  r-  c^-rr  t-  mcM  m=r  cm  1— -  min  cm  cm  f-  cm 

It-  I  |  I  I 

I  I 

Omt^4  CMvO  r— vOOO  t—  CM  OOvOvOOinOvO  t—  t'—CM 

•=rvo»~oinCMmooinmincMCMvovooinint>-^- 
cooino^-cOf-^vOMococoNinmo^maN^- 
O^  OvO »— vOCM  C'-CM  t'-OJ  t'-CM  t^-CM  C^-CMvO  r-ino 


mmvo  sminmirvr  in  cm  inmmmin 
■=t  m 


CMr— t-3^oo(M3in(MOc\imom 
CM  CM 


mco-=r-=rovo  invoc— covo  mt-ocom 

CX3r-C7'»-vOvOOCOOvDvDNOOr-vDO 
ON»-T-C\Jr-OOlO<3  OVO  T— vo  — T  t— 
vO  O  -3"  CO  CM  lT>OrOt-03Nr-4 


mmm=r  mmmc^ 


OOi-fMr-O^N 
III  II 


inoo  o  cmvo  o  mo 
o  r- oo  oo  cm  t- mo 
r—  mmmmcM  o 
■=T  C^-OmvOOCM-=T 


o  *■-  cm  cm  mm=r-=r  in  tnvovo  t*-c*-co oo  ooo  o*- 
in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  vovo  vo 
mmmmmmmmmmmmmmmmmmmmm 
cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 


m  m=r -=r  in  in  in  vo  vo  c^- c^-co  co  oo 
vO  vO  vO  vO  vO  vO  VO  VO  vO  vO  vO  vO  vO  vO  vO  vO 
mmmmmmmmmmmmmmmm 
CMCM<MCMCMCM<MCMCMCMCMCMCM<MCMCM 


oooooo«-  t- 

vOvO 

mmmmmmmm 
CM  CM  CM  CM  CM  CM  CM  CM 


•  vv 

r 

v 

v-;.s 

r'- 


cooOf“C\j(A3u*ivosoooo»-CMcrwinvoifc-cooor-CMo^=r  invo  c^-oo  o  o  •—  cm  m=r  mvoi^-cooo  •—  cm  orvr  invoe^ 
cvicvimmmfommmmmr«-333333333  ininininininininininvovovovovovovovovovo^c^c^-c^c^-c^-t'-t^ 


J-  •>  *V>  *.V  _•  ViCj 


vvv 


0000  *—  CM  (VVT  LOVO  C--CO  Ov  O  *-  CM  m=T  lAvO  C — OO  Ov  O  CM  m=T  mvO  t—CO  CTv  O  »—  CM  m=f  mvO  t"-CO  On 

SNCOCOCOcOCOoOCOcOCOCOON^OCT'CT'aN^O>OaNOOOOOOOOOOr-r-»-^r-r-^^^^ 


on  oomm  m  zr  -=tc\j  j3*o>c\i  ^rt-vot^  cm 


C—CMCMvO 
OCMOOvO 
ovt>~^r  «- 

cm  moo  r- 
•  •  •  • 

vOvOvOt"- 
OOOO 
moomon 
CM  CM  CM  CM 


CM  VO  OO 


av  CO  -=T  C-- 

oo  on  coo 

C—  CO  COOV 

o  o  00 
00  on  onon 
CM  CM  CM  CM 


m  mo  cm  *—  t— vo  m 

1  *—  1  *—  i 


rococo  r—^r^r^T  vo 
av^J-vo  o^r  o  cm  t-~ 
avoo  ovt^-mcM  -=r 

-sT^Ov  CM-=rvOCO  *- 

CT'O'KT*  OOOO  *— 
OOO  *-*-*-«-  *- 

ononon  onononon  on 
CM  CM  CM  CM  CM  CM  CM  CM 


comm 

mroh 

mmm  mco  mmcnco  m  c^-=r 

0O -=3“ 

O 

r-  CM  *- 

*— 

o^r^r 

OCMt- 

cm  cm  *—  0  0  m cm  *-  cm  cm  c^-moo 

mcM 

CTV 

T  1  1 

1  1 

III  CM  1  *-  1  *- 

1 

*—  *— 

1 

1 

mt-*-*— 
■=T  CM  m 
*-  mco 

OCOVO 

-=rvo  cm 
■=ro*- 
mmvo 
m*-av 

t~  mCM  ovcm  m*-  cm  c — *— vo  — =r 
co  mmc^av  *— 0  mcM^r  cm^t  av 
vovo  mm*—  o>vo  cm 00  mco  cm  m 
mm*— om'—.st  cm  0  c—mcM  0  c*— 

mo 

crvoo 

mm 

CTVVO 

■=r 

vO 

CMOOv 

CTvOvOO 

t^vo^r 
co  co  co 

^^ooo  urW  cm  *£ 

mcM 

vovo 

t— 

m 

CM  CM  CM 

CM  CM  CM 

CMCMCMCMCMCMCMCMCMCMCMCMCM 

CM  CM 

* — 

CM 

mm=r.=r  onononm  onononon  cm  m=r  ononon  on=r^rcrv-=T^r  0  vo^co-sr-sr  m«-ocM-=r 

cm  *—  *— 

cm  *—  o  m  onc\j  o  o  cmOt-o  *-cmcmcmoo*-*-*-ov=t  o  m  m*-\om=r  ococmooo 

1  I  *-  I  I  II  llllr-lllll  *- 


ovoncovo  cmvo  *—  m 
ov=r  cmvo  *—  r-vo-=r 
•=r  *-  t^-cM  =r  t*- 

NOCMinNOCM^ 


ovonmoo  r-cMro«-voc^Lom-=ri3-c^av  t*-  coovooocm  *— *--=t  *— t"- 

cMont—  m  ^t-=tqovo  co  m^roovo  c — onon  m  cm  *—  mm=r  cocmooo«=t 

«—  cm  cm  cm  oooincMco^rovmsoonm  c^vo^rcMcr*  »-t*-^voav 

ovt-  onm  avocM^mMOOr-oMt  m  t-  ono  *—  cm  cm  -=t^t  mmm 


*-  cm  cm  cm  cm  ononon 


mmonm  ononon  on 
CMCMCMCMCMCMCMCM 


m=r-=r-=r  <=r  mmmmmmvovovovovo  vo  vo  t —  c* —  t — — t— 

onononon  onononononononononmonon  on  on  on  ononon  onon  on  on  on 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  <M  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


■=r*=i"co  *— vo  cm  000  ononvO 
CM  «=3*  *-  *- 


m=r  =r  ono-=r  *—  ojco 

I  CM  I  I  CM  II  «- 


00  onco  o  000  cm  ov  c^-  t~  on 
rroo^  000  cm  t'-t'-onsr  0 
mmmmoncM  crwoonom 
crv  t^m  on  ovvo-=r  cMo>r~ 


OCOvOvO^T 


*-c^  cm  m=r 
1  *- 


(Moomos 
*-ov.-ov,- 
-=r  t—*-cnvo 
<\jovc—-=r  *- 


cm  mvo  t>-vo  r-*-  t-co  o 
cm  cm  on*—  *-  *— 

C^-VOVO  «— *-cm*- 

*-  I  CM*-  I  «-  I  I  I 

I  lit 

mirvsrcMOonocot^cM 

m  cm  *-  on  onc^sr  t-^=rvo 
00  a>  avcof-m  mo  t*-m 
mCM  cTwo  mo  o  t'- 


vO  C*— £■— CMOOvO 

CM  *—  CM^  CM  CM 


mvo  mo  cm 
1  mm 


VO  -=T  CMvO-=r  m 

vo  4-^sirm 

cm  r-orwmm 

m  CMoo-=rovo 


mcM  *—  o  cr»  c^-vo  irv=r  cm  «—  ovc— vo  m-=r 
mmmirvsr-sr^r^r^r^r-sr  onon  on  on  on 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  OJ  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


*- 000  c—vo  m  mcM  *- <r> 
monCM  CM  CM  CM  CM  CM  CM  *- 
CMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCM 


00  avo «—  cm  m=r  mvo  o-oocrvo  «—  cm  on=r  mvo  c—coovo  *-  cm  m=r  mvo  t*-co  ovo 
t^-00  0000  OOOOOOOOOOCOOO  av  O' CTvO>  O' ON  ov  Ovcyvcrvo  o  00000000*— 


-=r  oooc^-vo^r 

*-  .-0000 

CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM 


*-  cm  m=r  mvo  t^-oo 


*-  •*.  **,  , 

•- .'-  .V 


*7^r 

:\y:- 

>V-V 

.-vv 

yyy 


-w  r 

V.>V 

friv.- 

^  J 

<--y. 

v.y. 

sss 

W- 

:>%>v 


,V.\> 

ir'^ 


•.  .  % 
*.V.\ 

%-V-  < 


235 


55 

ss 


» 

1 

1 

\ 

O  1 
C  1 

CO  LACO  CM  O'  C— VO  r—  O' 

f-iri 

ITUTivOLTi 

LA  O'  O  OVVO  CM  OO  O'  m=r 

0— «=J"  LA 

COlTlCT' 

1 

O  1 

*—  *—  cm  mcM  mmeM 

i-ZT 

(MOOi-*- 

r-  m»— 

CM 

«-m 

1 

O  1 

mm=r-=r  la  envovoen 

cot*- 

O'r-OO' 

0- 

t-  mon=r »—  o  cm  ror-  cm 

CM  CM  CM 

^TOVVO 

1 

1 

1  1 
O  1 

1  1  *—*—*—  CM  C\J  *—  1 

1  1  1  1  1  1 

1  7 

1  CM 

1 

i 

*-cm»-  1 

I 

1 

r-  | 

00 

1 

\ 

1 

1 

CTVOVC^  onoocovooo  LA 

lavo 

meMvoo 

O' 

cOmf-LAQ'SO  mcM  o 

oucn»- 

vOOVi- 

(M 

1 

OO  1 

vOSr-r-fl  r-mO(M 

LAC — 

vo  mo- LA 

CO 

«—  O'  O  VO  VO  0-  O'  O  vo  t- 

O  «— VO 

O  LAO> 

VO 

1 

O  1 

0'*-cr\zr  =r.=r  meMO 

«=r  o 

mo  oo  o 

* — 

t-Ov00lACM00^T  o^roo 

OVOO 

Ocovo 

1 

O  1 

»—  0"0  mo  e— =r  *-co 

t-CO 

O'OOJCTn 

*— 

meo^ovor-smeom 

■=r  Ola 

LACTN^r 

1 

1 

•  • 

•  •  •  • 

• 

•  •  • 

•  •  • 

0- 

1 

CC  1 

r— cvj  m=r  lavovo 

coco 

cm  cm  mm 

LA 

vOvO  C — COOOCTiCT'O  O  »— 

mzr^r 

LA  LAVO 

» — 

1 

1 

CMCMCMCMCMCMCMCMCM 

CM  CM 

mmmm 

m 

mmmmmmm=r  ^=r 

^r^r-=r 

^r-^r-=r 

O 

1 

1 

mmmmmmmmm 

mm 

mmmm 

m 

mmmmmmmmmm 

mmm 

mmm 

1 

1 

1 

CMCMCMCMCMCMCMCMCM 

CM  CM 

CM  CM  CM  CM 

CM 

CMCMCMCMCMCMCMCMCMCM 

CM  CM  CM 

CM  CM  CM 

*“  CM  (WT  lAvO  t-co  0>  O  r-  CM  m=T  lAvO  C^-CO  O'  O  00  m=T  LAvO  e-00  O'  O  *-  CM  m=T  iAvO  c*-oO  O'  O  *-  CM  m=T 

*-*-*-*-*-*-*-*-«-*-cmcmcmcmcmcmcmcmcmcm  mmmmmmmmmm^j-  -=r.=r-=r^T 


•=rco  la 
c — t— CM 
LAO  LTV 
CMlAC^ 
•  •  • 
cOC-vo 

mmm 
CM  CM  CM 


C'-*-*oc*-:=r-=rvoiAvo-=r  t*~iA.=r.=rLA‘=rm=r  me'-t'-m(M-=*'C*-LA.=r  in  corns  e- 

c\j  *—  «—  *-  CMCM  cm 


o>vo-=r  coco  m*—  (vvr  *-<\jc\JOC\j-=r*-*-  m*-  la  c*—=r  c\j  cot*-=r *~  *■ 

II  I  III  I  I  *—  |  r-  |  | 


r-  CM  LAC— 

I  I  CM 


T-0O  O  «-  LA-=r  CM  CM  C*-  IA  CM  *-  COO  *-  *OCO  OCOvO  CM  Cn=T  O'  CM  LALAvO  *-00  O 
cmcoc^-=t  laco  f—  o**o  m  m  c —  laco  lavoo  c\j  c--vooolavo*— mt^-voo'e-o'm 
0't*-LAmovocM  s(\j^oo  miAC'-coo'0*0'ao'0.=r  *—co=ro  la  o*  m*o  c-**—  m 
VOOOOCM^-  LAC'— OO  O  *-  OA=T  LAvOC^-000'0*-CMm=r.=r  lA'OvOvOt'-t'-t'-COcO 

a\ooooc^voiA-=r  mmcM*-oo*oot'<“VOiAiA*=r  mCM*-oo*co  c-vo  la-=t  oocm  *- 
o  o  o  o  o  o  o  o  o  o  o  o  o*  o*  o*  o' o>  ov  O' o»o*o*0'co  coco  coco  coco  coco 
men  common  mmmmmmcM  cmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcmcm 

OvJCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


1 

1 

a  i 
C  1 

oo  LACO  CM  O' 

0"0 

VD 

c^*-r— 

i-O'^r  ?-co 

LA  C —  LA  LACO 

m 

mo 

1 

n  i 

^-^OJCO 

*- 

»—  CM  r-  *— 

*-  *- 

CM 

*— 

1 

o  | 

m»- 

mo 

CO 

mocoiA 

tn^-<\)vOLO 

mcM  cm^t 

lao-=t 

o 

CM  C— 

1 

1 

i  t 
O  1 

CM  CM  m^r 

CMm 

*■  *“ 

1  1  *- 
1 

ii  ill 

I  *- 

1 

1 

00  1 

1 

1 

O'O'O'mco 

LA*— 

vO 

C^-LAvOOO 

mOAAN 

LA  LA  LAVO  «—  CM 

oo  vo-=r 

m 

0*0 

CM  1 

CO  1 

N-Ov 

■=r 

^TO'r-ZT 

vommoot^ 

O  C\J  O'O'^T  m 

c\j-=r 

m 

CM  O 

vO  1 

XJ  t 

pr-pr 

LAO 

CM 

SCOOO 

avoovomo 

moocMvoom 

e-coov 

oo 

iAm 

1 

O  1 

t-  Onvo  mo 

-=r  *— 

O 

rvjooin>- 

cveo^r  o*o 

S(\joomoN^r 

^ro'-=r 

-=ro* 

<1>  1 

CE  1 

«-r-0JCOq- 

OVO 

CM 

mtnj  la 

vOvO  ^-0000 

0*00*—*— CM 

mewr 

IA 

VOvO 

« —  | 

1 

CM  CM  CM  CM  CM 

CMm 

m 

mmmm 

mmmmm 

j=t 

■=r-=r 

-=r 

^r-=r 

O  1 

» 

mmmmm 

mm 

m 

mmmm 

mmmmm 

mmmmmm 

mmm 

m 

mm 

*“  | 

1 

CM  CM  CM  CM  CM 

CM  CM 

CM 

CM  CM  CM  CM 

CM  CM  C\l  OJ  CM 

CM  CM  CM  CM  CM  C\J 

CM  CM  CM 

CM 

(MCM 

O  1 

O  1 

1 

C  1 

-=r  O' vo  vovo 

LA  O'O'i—  I 

la  vovomur 

VOVO  LA-=r 

o^-^^-ij-cooo'SirvoMms 

1  1 

n  i 

^r-mi-m 

*- 

m 

=rm»-M30 

I  CM  *—  CM 

I  I  I  I 

^TCO  LAOOOO 
t'-C— (MCMLA 
LAOlAO'CM 
CMlAC'-O'CM 

t  *  •  •  * 

CO  C-— *0  LA  LA 

mmmmm 

CM  CM  CM  CM  CM 


-  cm  m=r  iAvot^-co  O' o*- 


■osm 

i 


0-  LA-=T  O  C— 
0-  CO  IAvO  CM 
O  C-- LA  CM  O' 

0-  OCM^*lA 
•  •  •  •  • 
O*  COC*-vOlA 
O  OOOO 
m  mmmm 

CM  CM  CM  CM  CM 


CMm«-o 

i 


COlAOCO 

VOLAOOIA 

o  incT'oo 
0*0  *-  m 
•  •  •  • 
mmeM  t- 

oooo 
mmmm 
cm  cm  CM  CM 


CMmcM-=r 

I  *~ 


omrro' 
mm  ^-e'¬ 
er*  *-CMm 
LAC'-CO  O' 

O'  CO  e-vO 
O' O' O' O' 
CM  CM  CM  CM 
CM  CM  CM  CM 


VO*— *-CMCMOOrxovO*— C“-vO*-CM 

1  III  I  I  «-  t-  |  | 

I 

i— .=T^Tco^r  mo.^-  moc'- 
coiAvo*— o-=r  CM-=r*— CMO'Om*— 
CM«— o*t—  -=T  o*o  *— vo  o  mSO'r- 
cm  mm=r  lavovo  t-  c*- cocoooco  a-' 

■=r  mcM *—  o  O'co  t — vo  LA-=T  m(M  r- 

Ov  O' O' O' O'  oo  cocoooco  co  co  co  oo 
CMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCM 


cm  m=r  LAvot'-ooo'0»—CMm=r  la*o  t'-coo*o*— cMm=r  lamd  o-oo  oo  *—  cm  m^r 
*-’**—*—*—*—*— ^-*— cvjcmcmcmcmcmcmcmcmcm  mmmmmmmmmm=r  zr 


tv> .•»»'* »"•  .n .n 


236 


v  *  ■  *my  v  v 1 


^.v.vv.vmv.v,  \r  v.  %w.  vt\  \v< 


laud  s-co  O'  o  —  cm  m=r  mv©  s-co  on  o »—  cm  msr  invo  s-co  O'  o  —  cm  mr  mv©  s-co  o'  o  —  co  msr  mv©  s-oo  o'  o  —  cm  mr 
-  ““  ^  lalalaialaiaialaiaiavovov©v©vov©vov©\©v©  s~s-c^s-s-s-s-s-s-s-oooocoooco  coco  oooooo  O' O'O' O' O' 


CO  LA  S-OO  moo  ST  co 

Ot- oo 
oomsr 

CMvOv©  00  •— 
m(\J^T-r- 

v© 

i-sTOO 

CM^-m 

V© 

oo 

— cooo 

v©  S- 

l©v©  COST 

ST  LA 
00 

moo  OO  OO  O  LACO  o 

1  1 

■r— ST  *- 

*-iAm 

1  1  i 

LACO  la  coco 
moor-»“*- 
i  i  i  i  i 

m 

i 

s-oco 

s- 

COvOOO 

om 

00  CMOO  — 

1  1 

CM  LA 

LAST  00  CO  ONCO  S-=T 

CO  CON© 

T-mo'Osr 

O' 

*—  *—  o 

O' 

00  — ST 

cszr 

v©0Ov©0O 

TO' 

uaoovdoo  on  rocr>co 

vo  mo 

s-s-o 

o 

oo  —  s- 

00 

v©«©  O 

O"© 

OCO  O'© 

—  o 

^smeomsom 

s-coa> 

V©  LA  00  O'VO 

s- 

LA  O'  — 

v© 

comco 

TS 

—  —CM  — 

0'S- 

ST  00  mo- OO  VO  t- LA 

ms*- 

ms»-sfco 

LA 

CM  LAO* 

OO 

orxoao 

mm 

O  CM  st  v© 

O'  — 

S- S-OO  oo  O' O' o  o 

cncrvT-sTsT 

LA 

v©v©v© 

O' 

ooo 

CM  CM  00  CM 

com 

ST’ST-SJ'-SJ’STSTLALA 

LA  LA  LA 

LA  LA  LA  LA  LA 

LA 

LA  LA  LA 

LA 

*©v©v© 

VOV© 

'sOvOvOvO 

vOv© 

mmmmmmmm 

mmm 

mmmmm 

m 

mmm 

m 

mmm 

mm 

mmmm 

mm 

OO  CM  oo  CM  OO  CM  00  CM 

oo  co  oo 

CO  OO  CM  CM  OO 

CM 

COOOOO 

00 

oooooo 

CM  CM 

oo  oooooo 

00  00 

st  f-sroo-rmm 

cm=r  mLA*=T-=rvo  ro-=rsrvomsT  svoiAmo'SiAco  la>=t 

vOervr-sj-  O'OOV©  O'  vOCOOS 

la  mm 

oo  *- 

T— 

m  —  —  — 

—  — 

—  — 

m—  — 

—  — 

moo  — 

O'  sr  mcor  —  cm 
t~  r  —  i 


cm  ojv©  s-o  —  s-oo  - 

till  i 


-  sr  o-  oo  =r  mo'  —  —  moo  o  ctvt  cm 
l  —  I  oo  oo  i  — 

l  l 


moooocT\iAooiAm 
—  I  I  1-  I  CM  — 


I 


— sr  c — la 


i 


lAr-  O 

cm  cm  — 

I  I 


sr 

00 


•^i-NONC^ 

ooiACMvomm 

!A4TOi-0>vO 
OO  CO  CO  CO  S-S- 


vo  — s-o'mr  s-co  lAvos-mvo— com—  ocr>m«—  coo 
0'sTOoiAsTv©msTO'0'OomiAmm,--ooiAS-mo'— — 

co^r  ONrnt^o  ooino)  m»oo  ^  oo  cy»iAi-  Nr-vo  o 

v©v©  lAlA-=T  -=T  moo  —  O  O'OO  t-v©  m^T  OO  —  Ooo  S-lAsT 


aOS-CM— OS-lAm 
O  O"©  LAO\CO  LA  00 
'OSO'OOOOON 
OGOv©  lAm«r-^vO 


srv©s-o 
O'— cos- 
sr  ooaosr 
00  O  S-lA 


V©  —O' 
OlAv© 
lA^m 
OC^lA 


O 

OO 

OO 

00 


co  s-v©  iA-=r  m 


oo  oo  c\j  oo  co  oo 

00  OO  OO  OO  OO  CM 


—  o  ctnco  s-v©  last  moo  o  ovco  s-v©  last  moo  o  ovco  s- 

0- O-VO  VO  VO  VO  VO  VO  VO  VO  VO  LA  LA  LA  IA  LA  LA  LA  IA  LA-=r - 
CMCMOOOJOJOOOOOOOJOOOOOOOJOOOOOOOOOOOOOOOOOOOO 
OOCOOOCMOJOJOOOOOOOOOOCMOOOOOOOOOOOOOOOOOOOOOJ 


la  moj  —  o  O'  S-v© 
•mmm 
00  00  00  OO  00  00  00  CM 
OO  CO  oo  C\J  00  00  00  00 


•r  m— o 
mmmm 
CM  00  CM  00 
00  00  CM  oo 


COvD  LA 
CM  CM  00 
COOOOO 
00  00  00 


TS 

s- 

-T  V©VO 

— ■ 

co 

CMvOv©  CM  — 

V© 

—  ST  CO 

00 

00 

LA 

lATTT  — mm 

—  ST 

m 

00 

moo  —  —  — 

oo  — m 

m 

00 

*- 

00  — 

00  ^T 

00 

(Mt-O 

co 

—  O  LA  COT 

o 

ooos 

s- 

V© 

o 

ST 

—  —  00C0S-— CM 

T 

i  wru 

ST 

mmmoo  — 

—  1  m 
i 

00 

1 

1 

r— 

1 

1 

1  1  1  1  T- 

OOV© 

ST 

s-com 

m 

m 

srmo'Osr 

O' 

—  —  o 

o 

s- 

V© 

S- 

ooo  coco  LAmco 

com 

LA 

t^ovoo 

m 

LA 

O'  —  s-s-o 

o 

CO  —  c- 

OO 

oo 

m 

T— 

vomv©  —  —  VO  LA 

<T»v© 

r- 

O'OO  LA 

oo 

OO 

v©  LA  CM  O' v© 

LAO' t— 

LA 

CO 

o 

o 

S- 000 ST  LA  LALA 

moo 

s- 

OLA  O' 

s- 

LA 

ms-  — ST  co 

LA 

CM  LAO' 

LA 

00 

ST 

O' 

m©00OCMsrv© 

•  • 

• 

•  •  • 

• 

• 

• 

•  •  • 

• 

• 

• 

• 

s-s- 

OO 

ooo 

« — 

CM 

CO  COST  ST  ST 

LA 

vOvOv© 

S- 

O' 

O 

o 

—  —  —  00  CM  CM  00 

sT  sT 

ST 

LA  LA  LA 

LA 

LA 

LA  LA  LA  LALA 

LA 

LA  LAlA 

LA 

LA 

v© 

v© 

v©  v©  v©  v©  v©  v©  v© 

mm 

m 

mmm 

m 

m 

mmmmm 

m 

mmm 

m 

m 

m 

m 

mmmmmmm 

coco 

oo 

CM  00  CM 

00 

CM 

CM  CM  00  CM  00 

00 

CM  CM  CM 

oo 

00 

00 

00 

00  00  CM  CM  CM  00  00 

r—  covo  o"0  i r»«=r  lao'-t  s-sr  c r*-=r  lastst  c^iAt^miA 
m  oo  m  »— 


OMAvOvOCOvOt-mo  S-v©  LA  LA  O' v©  O' O' CM  LAvOO't’^S- 
—  —  —  —  i—  00  CM  —  CM  CM  —  00 


00  CM  LA O'TT  CM  CAST  O'OOV©  CM  S-sr  —  CO-  — v©v©  O  O 
—  I  II  —  —  I  III  I  — 

I  I  I 


CO« 


•r-lAOCOr-v 
—  I  —  I 
I  I 


—  m*— CO  LAST  0'S— TTST  t*-ODO'CO 

—  I  —  00  I  CM  CM  *—  I 

I  I 


00  C- 
I  I 


OMAlAf— sT  UV=Tv©— v©S-— v©v©sr  — 0>v©v©sTOS- 

—  CM  C — vO  O  OvO S-  —  t — CO  CM  OOvOsT  t — LACO  COCO 

mmmoo  ooo  v©  oo  ov=r  o  sr  oo  oo  la  s- o>  o  — —  —  o 
ov  ov  O'O'  oo  coco  s-o-s-v©  lala-=t  moo  oo  —  oo'co 


^■0'mOr-iAOi-N^rrvTco*-srmoO(\jiAiAC-com 
O'Cmost —  m*—  cm  coco  oo  oovo  —  iA-=r  t-(Mmo'Omr- 
o5T«-smcomso(r>©coo'OOoo'covOTO^m 

LA-=r  CO-  OCO  S-lAsT  00  OOQv©  mm— OOvO-T  CM  O  S-LA 


•3--T 

mv© 

ms 

OS- 


0'00  S-v©  LAST  mCM  —  O  O'OO  S-vD  LAST  mCM  —  ooo  s- 
S-S-S-C^f— S-S-t— S-C — v©v©v©v©VOv©v©v©v©v©  lAlA 
OOCMOOOOCMCMOOCMOOCMOOCMCMOOOOOOOOOOCMOOOOOO 
OOOOOOCMOJCMOOOOOOCMOOOOOOCMCMOOOOCMOOOOOOOO 


irvr  moo  —  O'OO  s-v©  last-  cm  —  o  O'oov©  last  moo  o  O' 
inLAi/uAiA-TTsTTTTTTTmmmmmmmmoo 
OOOOOOOOOOOOCMOOOOCMCMOOOOOOCOOOCMCMOOOOCMOOCM 
OOOOOOOOOOOOOOOOOOCMCMCOCMCMOOOOOOOOOOCMOOCMCVl 


S-LA 
00  00 
00  CM 
CM  00 


LAV©  S-CO  O' O  r- 00  m=MAv©  s-co  O' O  CM  mwr  LAV©  s-co  O' O  •“  CM  0A=r  LAV©  s-oo  0*0  »— CM  CAST  LT»v©  S-0O  O' O  *- CM  msr 
ST  sT  sr  -T  ST  LA  LA  LA  lA  LA  LA  LA  LA  LA  LAV©  v©  v©  v©  v©  v©  v©  v©  *©  v©  S-  S-  S-  S-  S-  S-  S-  S-  S-  S-OO  COOOOO  CO  OO  00  GO  CO  00  O' O' O' O'  O' 


237 


*-  V 


C, 

V.' 

V  ' 


m 


•\  A 
‘/.V. 


A 

,V,V , 
■  V 


s  y 


V  V  /.>_V 


vlv'/l 


.-V- y  .- 


A 


i 

» 

j* 


"w 

! 

✓ 

* 

'j 


I 

s' 


£ 

8 


i* 

K 


un-=r 

vomojm 

OnvO 

i  i 

i  i 

o  » 
c  » 

ot-Tion 

mmcMco-=r  mo  mmvo  *—  onon 

^ _ 

on«-  r- 

t—  r— 

i  i 

3  1 

t-  on  «— 

•=r 

*—  C\l 

(Moo  unoo 

CM*- 

i  i 

o ! 

mm-=r 

ono  *— vo  on=r  *-  cm  o  m=r  cm  m 

o 

1  1 

1 

1 

t  i 

i  » 

1  1 
O  1 

i 

cm  CM  1  1 

i  i 

on 

■=r^r 

ONVOOjm 

on=r 

i  i 

1 

oncoo 

N-  CM  CM  VO  VO  CTnCO  *-  CO  «—  m  r~  CM 

t— 

O'*  OJ  f — co 

ao*- 

I  1  00 

CO  1 

IfIVO 

co^^x  mvococMir»ONoo*-cooN 

an 

o 

vo*-.=tn- 

«-  on 

1  1  CM 

O  1 

CM  -3-  vO 

coco  N-inonoN-onoo  onco  r-^- 

a> 

COLH 

co cm  on 

(ON 

1  1  VO 

O  1 

oo~-=r 

lpi(\j  onovo  mcTivo  cvomti 

C— 

•  • 

*  •  •  • 

•  • 

1  f 

1 

•  •  • 

• 

on  on 

m^r.=r.=r 

-=r -=r 

1  1 

a:  i 

o  o  *— 

r*MT^  invONNCOCOONOOr- 

CM 

vovO 

vOvOvOvO 

vovO 

1  1  r— 

i 

T—  *— 

i —  t —  »— t— CMCMCM 

CM 

on  on 

on  on  on  on 

on  on 

1  1  O 

i 

ononon 

on  onon  on  on  on  on  on  on  onon  on  on 

on 

cm  cm 

(M  CM  CM  CM 

CM  CM 

1  1  O 

1  1  O 

i 

i 

CM  CM  CM 

cmcmcmcmcmcmcmcmcmcmcmcmcm 

CM 

on 

VOO 

*—  m 

m 

vO 

1 

1 

1 

C  1 

O-N- 

-=x-=r-=x  an 

-=r 

•=rcO 

CM 

*—  cm 

CM*- 

on 

«- 

1 

1 

1 

1 

1 

1 

1 

S  1 

1 

CM 

O 

o-.=x 

com 

•=r 

m 

1 

1 

1 

1 

r- 

1 

1 

1 

O  | 

av=r 

CM  CM  mo 

on 

loon 

CM 

r-  « — 

* — * — 

CM 

1 

1 

r— 

1 

i  1 

1  *— 

I 

*— 

1 

( 

1 

1 

o 

1 

O  l 

i 

1 

1 

o 

1 

1 

■=r  cx> 

moo 

VO 

r— 

1 

1 

r — 

1 

1 

mm 

OXOO  N- 

N- 

vom 

•— -=r 

ono 

-=r 

o 

1 

1 

1 

0)  1 

c^c- 

N-CTWOVO 

N- 

•=r  *- 

N- 

anon 

on  cm 

-=r 

vO 

1 

1 

1 

JO  1 

o-=r 

otM^rrn 

on 

onvo 

<M 

com 

OiVO 

VO 

CM 

I 

1 

1 

o  t 

com 

ocm-=tvo 

j=t 

O-CTV 

• 

•  • 

•  • 

• 

• 

1 

1 

1 

1 

•  • 

•  •  ■  • 

• 

•  • 

-=r 

O-vO 

on  cm 

00 

on 

1 

1 

1 

CL  1 

vom 

•=x  oncMi— 

co 

vom 

CM 

r—  r— 

V—  f - 

O 

o 

t 

1 

1 

f 

oo 

oooo 

On 

oo> 

CM 

CM  CM 

CM  CM 

CM 

CM 

1 

l 

1 

1 

onon 

ononon  on 

CM 

CM  CM 

CM 

CM  CM 

CM  CM 

CM 

CM 

1 

■ 

1 

■ 

1 

1 

1 

i 

CM  CM 

CM  CM  CM  CM 

CM 

CM  CM 

vO 

mvo*- 

OnOO 

OVOVOOCM 

1 

m  i 

1 

1 

1 

1 

o  t 

C  1 

m 

co 

co  cm  onvo 

O 

■=rvo 

(M  CVJ 

cm  on 

on  i 

1 

1 

r>  1 

CM 

on 

onovoon*— 

CTvCMOvO 

O  1 

» 

1 

o  S 

vO 

*-  ocMm*- 

*=r 

N-VO 

»  T 

i  i 

CM  1 

i 

i 

1 

1 

1 

1 

1  1 

O  1 

1 

T  7  i 

*1" 

1  1 

OO 

mmvot^t- 

turner* 

i 

CT>  1 

1 

1 

1 

1 

1 

1 

o 

o> 

N- 

VO  voav=r  CM 

ON 

CM  O 

VO 

ovonoooon 

o-onvo  co 

av  i 

1  CO 

1 

CO  1 

o 

r— 

« — 

vo  ocomo 

m 

*— O 

an 

vo  o^r  vo  co 

«—  r— 

ooo 

O  1 

1  CM 

1 

jO  I 

ov 

T— 

oo  ^roo-on 

CM 

om 

m 

*-m=r  mvo 

o*- 

CM  CM 

m  i 

1  VO 

1 

O  1 

OO 

on 

0- 

o  r- 

N- 

OVO 

• 

•  • 

•  • 

• 

•  • 

•  i 

1 

1 

1 

• 

• 

• 

•  •  •  •  • 

• 

•  * 

on 

■=r.=x 

mmmm 

m  i 

1 

1 

«  1 

on 

m 

vO 

co  avOOr- 

CM 

■=r-=r 

vO 

vOvOvOv OvO 

vOvOvOvO 

VO  1 

1  CM 

1 

1 

T— 

T— 

» — 

*-  *—  CM  CM  CM 

CM 

CM  CM 

on 

ononon  on  on 

on  on  onon 

on  i 

»  O 

1 

1 

on 

on 

on 

on  onon  mm 

m 

mm 

CM 

CM  CM  CM  cm  CM 

CM  CM  CM  CM 

CM  1 

1  O 

1 

1 

CM 

CM 

OJ 

CM  CM  CM  CM  OJ 

OJ 

CM  CM 

1 

1 

O  1 

vOvO 

CM 

-=r  mono-*- 

CM 

on  i 

1 

1 

C  1 

ono- vo 

vo  oo  ovt -=r  mvo 

*-vom 

r— 

T- 

cm*-*- 

*- 

on  i 

1  1 

1 

to  1 

CM 

•=r  *- 

C- 

onoum-sr 

on 

CO  1 

1  CM 

1 

O  1 

*— «— 

m 

CMlONr-  *— 

o  *—  *— 

*—  on^t 

|  T - 

CM  1  r- 

1  T - 

CM 

r*  I 

|  * — 

1 

1  1 

1  1 

1  *~  II 

i 

» — 

1 

1 

1  t 

1 

1  o 
1  o 

1 

1 

O  1 

1 

i 

1 

CM  CM 

N- 

^rOvCMlTMO 

CM 

r-  | 

1  V — 

\ 

s 

ov=r 

i — 

^monxroom 

vO  CM 

vO 

C\jco-=roir> 

r— 

N-  1 

1 

1 

CO  1 

VOOMO 

VO  co  oo  avvo  N- CM  CM  N- moo 

-=r  o- 

CM 

CMOGON-=r 

0- 

vO  1 

1 

1 

JO  1 

onooon 

co  avo  o  o  avoovo  mo  vo 

CM  ON 

CO 

CMOMTIOJC^ 

CM 

CO  1 

1 

t 

O  1 

(M4-N 

coommNcoo<M4-voN 

•  • 

• 

•  •  • 

•  • 

• 

1 

1 

t 

•  • 

• 

•  • 

•  •  • 

on*- 

VO 

=r  cm*- 

oco 

vO 

O  1 

1 

1 

CL  1 

oavoo 

mojf- 

O  O  On 00  N-vo 

CM  CM 

*— 

*—  r—  r- 

*-o 

O 

O  1 

t 

1 

1 

*~oo 

o  o  o  o  o  o  o  a>  av  ov 

CM  CM 

00 

CM  CM  CM  CM  CM 

CM 

CM  1 

1 

1 

1 

ononon 

mmmm  on  mm  cm  cm  cm  cm 

CM  CM 

CM 

CM  CM  CM  CM  CM 

CM 

CM  1 

1 

1 

1 

CM  CM  CM 

CMCMCMCMCMCMCMCMCMCMCM 

238 


o*-cmcv?  inios-aDCTNOr-CMm?  inins-coo'O  .-cMmsrinioc^-cocyNOT-cMmirinios-coCTvo.-CMC'cvT  inics-coc?' 
CMCMCMCMCMCMCMCMCMCMmmmmmmmmmm?.?-.=r.3-.=r.a-.=rfl’-=r.=r  inininininmininininioioioioioioiovoioio 


^r 

OJ 

mvot^ro 

^rvomroo^- 

OJ 

oo 

OJ 

LOCO 

ro*-t— 

1-1-CO 

■=r 

LOt- 

T— 

zrvovo 

ro 

in 

t— 

coco  in 

OJOJ 

CO 

O' 

i-oj^r-=r 

o  t — i —  in  t — vo 

vo 

roro 

-=r  rocr> 

OJ 

<=r  in 

CVJ  VO  o 

t- 

*- 

Ov 

OJOV*— 

in 

i 

i  i 

*-  1  I  i 

OJ 

i 

T-OJ 

i  i 

• 

i  i 

1  1  OJ 

1 

ro 

*“ 

*— 

1 

i  i-  i 
i 

i 

O' 

ojco^r »- 

v£>oo»mooj 

o 

vO-=T 

os? 

o 

CO  OJ 

rovoo 

O 

vO 

in 

o 

■=r  t— -=r 

e— 

oo 

■sroNOOj 

•—  OMOOoOr- 

CO 

OO- 

rococo 

o> 

«— -=r 

vo.=r  in 

O' 

O' 

in 

in 

oovot— 

t— 

o 

r-OCnCO 

OOCOLOt—  LTiO 

CO 

OJOJ 

ojoco 

oo 

vO,- 

rovoco 

, — 

O' 

in 

CO 

on  rot— 

in 

-=J- 

VOOJt— OO 

inovoojt— m 

co 

crv-=r 

o>co 

oo 

OJt- 

0-=r  co 

t- 

OJ 

o 

t- 

^rco  *- 

co 

in  mvo 

C— COOO  O'O'G 

T_ 

ojro 

m 

VO 

c— t— 

O' O' O' 

o 

OJ 

ro 

ro 

•=r.=r  in 

vO 

OJ 

Oj  OJ  OJ  OJ 

OJ  OJ  OJ  OJ  OJ  CO 

ro 

ooro 

roro  co 

ro 

ooro 

rococo 

-=r 

-=r 

*=T 

-=r^r-=r 

CO 

mrororo 

ooooooroooro 

ro 

roro 

rororo 

ro 

ooro 

rororo 

ro 

ro 

ro 

ro 

rococo 

ro 

OJ 

OJ  OJ  Oj  OJ 

OJ  OJ  OJ  OJ  OJ  OJ 

OJ 

OJOJ 

OJ  OJOJ 

OJ 

OJOJ 

OJOJOJ 

OJ 

OJ 

OJ 

OJ 

OJOJOJ 

OJ 

vO 

rororo 

vo  moom-=rco 

*—  T— 

co^r 

com 

-=r 

in  s-  in  s-  rr\o  ctv 

m 

oj  mot-- roo 

i-  i-  OJ 

r-Ot-OO 

oj 

i-vo 

oj^r  t- 

voocosr-in 

vomoj 

ro 

oj*— com*-  —  i- 

m 

on« — co  t — me*— 

co  crimes 

avco 

1 

1 

y  1  1  1 

i 

i  i  i 

I 

i  ill 

1  f—  r— 

i-  i  i 

I 

OJ 

cooler 

roo  o  i—vocTi 

CT.OJ 

ONOn 

OJ 

oor-c— int— co-=r 

oo 

t— OOt— 

voa> 

vO 

oj  t— m 

covOi-o-=r  »- 

O*- 

mvooj 

0- 

co  vo  t—  oj  oj  vo  m 

m 

o  m  m  t— m 

movr*- 

CO  O' 

ro 

ojinco 

ojfo=r^-rooj 

com 

t-*-m 

o 

prv^-^r-=r  cn,-  O' 

ro 

o^rco  r-^TvO 

OnOnCO  t— 

OJ  O' 

t-coa> 

ojoo=r  invot— 

COON 

OJOJ 

ro 

rocococococooj 

OJ 

r~  CDO'O'CO  c— 

■=r  rooj  *— 

CTNt— 

ro 

1-00 

co  t— vo  m-=r  ro 

1-0 

Nvom 

ro 

r—  o  crvoo  o— vo  m 

ro 

o  erv  s-vo  in^r 

i-OOvcO 

lTV=T 

cr> 

O'O'ao 

co  co  co  co  co  co 

COCO 

t-t-t- 

t— 

C'-C'-vOvOvOvOvO 

vO 

vommmmm 

mm^r-=r 

■=r^r 

OJ 

OJOJOJ 

OJOJ  OJOJ  OJOJ 

OJOJ 

OJOJOJ 

OJ 

OJ  OJ  OJ  OJ  OJ  OJ  OJ 

OJ 

OJOJ  OJOJ  OJOJ 

OJOJ  OJOJ 

OJOJ 

OJ 

OJOJOJ 

<M  cm  cu  oj  cm  cm 

OJOJ 

OJOJOJ 

OJ 

(V  Oil  CM  OJ  CM  CU  CM 

OJ 

OJOJ  OJOJ  OJOJ 

OJOJ  OJOJ 

OJOJ 

0^r-=r 

cooo 

covot— =r^r 

r— 

m 

OCOO? 

mro=r 

o-o  inco  mo  *— mine —  oqoo??oo 

t—  CM  t—  r-  r-  CM  CM 

t-vo 

OJ 

J)?CO  CM 

mm=r 

7 

T—  | 

t— rococo 

l  i-  i 

1 

oo 

O^CTivO 

i-i-  1 

1 

ro^m 
i  I 

^■voroN-3-Oi-o^i— 4-mmr-roso 

r-  i  •—  *—  oj »—  ii  iii 

i 

i-CO 

oj  cooo  oj 

1  1  y  1 

\I>0'0' 
ON  OJCO 
vOCOCO 

co^r  o 

■=ro 

-=T  OJ 

cot— 

ojco 

ojeo^r »-  oj 
rorooaur 
coot— OJCO 
OvO  r- 1— OJ 

*=T 

VO 

e— 

ro 

vO  OJ  *—  t— 
cooji-ro 
■=r  t-avo 
^rovro 

0149 

5119 

0035 

ovo  t— t— vovo  roovocooo  i—  t-commo 
oo  ovco  i- co  oo -=r  *- o  i- co  vo  o  oo  i- vo 
vo  roo  e—  oj  t—  ojvoa>oj-=r  mvo  e— vovo-=r 
ov=r  <y»  coco  oj  t—  i-  m  o  zr  co  oj  vo  o  oo 

t— m 

ON 

VDOV 

OOOJOvt— 

omojc— 
-=raoojm 
orot— o 

rnvot- 

OJ  OJOJ 

rororo 

OJOJOJ 

coco 

OJOJ 

roro 

OJOJ 

OOi-r-CM 

coco  rororo 
co  co  co  coco 
OJOJ  OJOJOJ 

co 

co 

oo 

OJ 

^r-srmvo 
rorocoro 
coco  cooo 
OJOJ  OJOJ 

c— t— CO 

rococo 

rororo 

OJOJOJ 

go  O'  erv  o  o  i- 1—  cm  oj  cocoovt  m  m  in 
rocoro=r-=r-=r-=r-^^r^T^r^r^r^-^r^r^T 
cn  roro  rororo  roro  ooro  roro  rororo  ooro 
OJOJCJOJOJOJOJOJOJOJOJOJOJOJOJOJOJ 

VO  VO 

coco 

OJOJ 

co  oo  00  O' 

rorocoro 

OJOJ  OJOJ 

o 

mvo^r  inrotnm 

roroc— oo  roro  roe— 

-=r.=r  .=r corr  m-=r 

vo  m»—  roov  m 

i—  Oj 

vo  m  m  t— ^3“  ro=r  t— t— vo  oj 

i-i-  OJ 

o 

omirvro^o 

i  i 

oj  coco  coo  o  ojoo 

1  OJ  1 

ojvomo-=r^-vo  oj 

i  t- 

i 

mojovcomoj 

i-  i 

i 

m-=r  mvo  oj  ojvo  i— -=r  o  com  mvo 

i  i-  i  i  i  t  i  i  i  i  i  i- 

i  i 

ro 

m 

OJ 

O' 

ooovovo 
^rooooro^-moj 
voovojmt— coon 
o%=rvoc— coo>o 

moo  i-  av^r  *—=r  t— 
oo^r  moavojo 
avcovo^r  ojco  in*— 
oj  m=r  mvovo  c— co 

co  i-  mmoj  movo 
coovm-=r  oovmo 
o-^oo  i--=r  mc—co 
oooooooo 

cor— in  comm 
o  i-oo  vomoj 
cot—  mroi-co 
oooooav 

Oi-^r  t— co  o  roo  moj  t— coco  oj 
^rt—vot—=rvoT-c\jvovoovt-ot— 
o  m  o -=r  co  i- vo  t— oo  oo  co  co  vo 
a>cooo  t— vovo  m^r  rooj o  ooo 

m 

O' 

OJ 

OJ 

rooji-oovcoco 

O'O'O'O'COCOCO 
OJ  OJ  OJ  OJ  OJ  OJ  OJ 
OJ  OJ  OJ  OJ  OJ  OJ  OJ 

vo  m-=r  rooj 

co  co  coco  COOO  co  t— 

OJ  OJ  OJ  OJ  OJ  OJ  OJ  OJ 
OJ  OJ  OJ  OJ  OJ  OJ  OJ  OJ 

t— vo  min^r  moj  »- 

OJOJOJOJOJOJOJOJ 

OJOJOJOJOJOJOJOJ 

ovcoe— vomro 
vOvOvOvOvOvO 
OJOJ  OJOJ  OJOJ 
OJOJ  OJOJ  OJOJ 

i—  o  avco  e— vo  m-=r  rooj  t—  oao  t— 
vovo  m  mm  mm  mmmmm=T-=r 
OJOJOJOJOJOJOJOJOJOJOJOvJOJOJ 
OJOJOJOJOJCVJOJOJOJOJOJOJOJOJ 

o^cMm^  in^Ds^c^Or-CMm^  inio  s^O'O  ^CMm=?  in^s-oocyNO  «-CMm=r  inios-coo"io.-CMm=»-  inios-oocyi 
(M  cm  cm  cm  cm  cm  cm  cm  oj  oj  mmmmmmmmmm=r  .3-  a-  jt  a-  a"  -=r  a-  in  in  in  in  in  in  in  in  in  irvo  >o  vo  vo  vovovovovovo 


■'.y'A 


m 


239 


«V\*  '•  */•>*»  *•  /• .  ^  ’’V- *’»  ^  ,*»  ,%»*»  4%  »'m  ^ .  *•'*»  * .  •  *•  i  • »  • « * . 

f  'J  '.’j .'  V.  v”  ■.'  C  .'-■w^Si  -•/-V-'.'-  .'-'.'  -.'-'.'^'-'.  -S.'--. 


o «—  oj  r*vr  uvo  t~-co  ff'o «-  <\j  ('■w  tnvo  t-— co  O'  o  «-  (\j  r^vr  ir^o  t—co  O'  o «-  w  m 
c-_  t- e^- r-oo  oo  co  oo  oo  eo  oo  oo  eo  oo  O' on  o\  O' o  o>  O' O' O' Ov  o  o  o  o 


00  ■=TO'  O  O'  -o 


00  OO  VO  VO  o 


oo  oocvj  vo  o  on 

OJ  r-m  VO  NO  O' 

•O  CNJtf'i  O'  »-  O' 

ir>  ooj  no  on  uo 

•  •  a  •  a  a 

On  OO  O  *-  t- 

■=r  inm  in  in  in 

m  mm  m  mm 

0J  CM  CM  (\i  C\i  OJ 


c*^  m=r 

CM*- 


in  r-*- 
os  om 


oj  oj  oj 
in  m  in 
m  mm 

0J  (M(\J 


• 

mt^ogu 

c*- 

UvO 

omco 

o 

t'-u 

oo 

eg  in 

«—  *- 

m 

*-  m 

cMnvom 

o 

m=r 

no  t-  m 

« — 

voegco  •—  r- 

e*- 

coin 

*- 

1  7  1 

1  *-  1  r- 

1  1 

77 

c—u  om 

O' 

UCM 

NO  ON  ON 

ON 

uu  osio 

eg 

ONt- 

t 

mou  m 

CM 

NO  O 

ONint- 

m 

vO  OvOOnU 

co 

in  cm 

•  * 

cmc^-cmvo 

m 

f — On 

ononco 

in 

OnvO*— vO*— 

sT 

coco 

*  ' 

inmogo 

t*- 

m*- 

t'-mm 

ON 

U  CMOC-m 

=r 

CM  on 

m  * 

<\j*-^oon 

vO 

u  m 

oonco 

in 

meg*-ONC0 

m 

COvO 

uuu  m 

m 

mm 

meg  eg 

eg 

CM  CM  CM*-*- 

r— 

oo 

• 

eg  cm  eg  eg 

CM 

C\J0J 

eg  cm  cm 

CM 

OJ  CNJ  CVJ  (\i  0J 

eg 

CM  CM 

r. 

cm  eg  cm  cm 

CM 

CM  CM 

CM  CM  CM 

CM 

OJOJOJOJOJ 

CM 

CM  CM 

'Dt^a-'jD'omin 

in  in 

mu 

CM  On 

i  i 

1 

c 

eg  cm  *-  mm 

» — 

i  i 

1 

o 

msvo  mo  in  on 
eg  cm  i  *-*-  eg 

VO 

1 

in  cm 

*—  CO 

uvo 

i  i 

i  i 

1 

1 

o 

1 

i 

i  i 

1 

o 

in  on  in  on  min  e*- 

u  m 

C'-ON 

ONCO 

i  i  co 

1 

t^m*~CMvomr- 

eg 

r—  » — 

in  eg 

c*-m 

1  1  CM 

1 

m 

oo  o  cm  mmmeg 

m 

mo 

*-u 

coco 

1  1  VO 

1 

n 

mt^o  mjD  On  c\j 

m 

CO  *— 

oo  o 

coo 

1  I 

1 

o 

• 

•  • 

•  • 

•  • 

1  1 

1 

ONONOOOOf- 

CM 

cm  m 

mu 

u  m 

i  t  a) 

1 

os 

•uu  in  in  in  in  in 

in 

in  in 

in  in 

in  in 

i  i  *— 

1 

mmmmmmm 

m 

mm 

mm 

mm 

1  1  o 

1 

eg  eg  eg  cm  cm  cm  eg 

CM 

CM  CM 

CM  CM 

eg  cm 

1  1  CM 

1 

invo 

vO 

On 

vO 

vO 

ON 

cm -=r  on  on 

eg  c*— 

m 

CM^t  CM 

in 

m  i 

i  1 

C  1 

C — VO -=3"  t-“ 

CM 

m  *- 

cm  eg 

m*—  eg 

m 

CM  1 

1  1  1 

:=>  i 

m 

om 

o 

CM 

in 

m 

o 

oegOv=r 

co^r 

in-=r^ 

f- 

CM  1 

t  0)  1 

O  1 

m*—  CM  CM 

| 

CM 

*-  CM 

w— 

*-*-eg 

« — 

CM  1 

1  * —  1 

1  1 

i 

1 

i  i 

1  1 

1 

1  CM  1 

O  1 

1 

vO 

*— *— • 

oo 

ON 

o 

in 

r— 

m=rvocM 

sT  ON 

in 

vomeg 

OO 

ST  1 

1  CM  1 

1 

cominco 

oo 

uon 

eg 

u 

o 

VO 

cm  mvo 

t — On 

co 

voenvo 

eg 

ON  1 

1  O  1 

m  i 

CO  CM  O  CM 

ON 

CM  t— ■ 

t- 

U 

ON 

eg 

CM 

«-ONt-"<=T 

C^-CM 

eg 

omin 

ON 

ON  1 

1  1 

jO  1 

=r  on  mvo 

u 

ego 

ST 

o 

m 

OnvO-=T  CM 

t^in 

o 

in  cm  on 

m 

C*-  1 

1  1 

O  1 

«-mvoco 

u 

eg*- 

00 

vO 

u 

On 

vouv=r  m 

OON 

st  m*- 

ON 

vO  1 

1  1 

a.  i 

in^meg 

u 

uu 

m 

m 

m 

m 

CM 

cm  eg  cm  cm 

eg*- 

T— 

r— 

o 

O  1 

1  1 

i 

oooo 

CM 

eg  eg 

CM 

eg 

CM 

eg 

CM 

cm  eg  cm  cm 

CM  CM 

CM 

CM  CM  CM 

CM 

eg  » 

1  1 

» 

mmmm 

eg 

cm  eg 

CM 

CM 

CM 

eg 

CM 

cm  eg  eg  cm 

CM  CM 

CM 

CM  CM  CM 

CM 

CM  1 

i 

1  t 

1  1 

i 

i 

cm  cm  eg  cm 

eg  mu  invo  C'-oo  O'  o 

eg  m=r  mvo  c*-oo  on  o 

r-  cm  m=r  in  vo  r~co  on  o  *— 

\ 

ogm  i 

1  1 

1  1 

i 

-3  1 

cm  mrr  invo 

C*- —  C“ —  t —  c —  C —  t —  C* —  t — C*— C“— COCOCO  CO  COCO  OO  CO  CO  CO  ON  O' On  O' ON  On  ON  On  On  ON  O  o  o  o 


cm  mu-  invo 


oo  t"-crv=r  m 

*-u 


in*—  cmvovo 
eg 


vou  omm 
voegmcooN 
vo  coon  on  on 
inojaNvom 

(7>00»-(\) 

mmmmm 
oo  eg  eg  eg  og 


oominco 

CO  CM  O  CM 
•=r  onpovo 
T-r^oco 
•  •  •  • 
mu  mc\i 

oooo 
mmmm 
eg  cm  eg  cm 


coe-ONU  m 


in*— cmvovo 

eg 


vouomm 
voegmcooN 
vOOO  ON  ON  On 
inegoNvnm 

•  •  •  •  • 

noor-eg 

mmmmm 
cm  eg  cm  eg  eg 


v.v.v 

"A*0 

.«1 


V  *.  < 
•* 

«•* 


V  •/  'A  a/  V  v  v  v  v 


_%•'  %•’  V'*V'N  ■  N ' 


240 


s-oo  on  o  *-  cm  oo=r  ltnvo  s-co  on  o »—  cm  prv=r  mvos-cooNO*-cMoo=r  invo  s-co  o>  o*- cm  on=r  invo  s-co  cr»o*- cm  on=r  invo 
» —  i — * —  t—  » — » — » —  r— * — » —  ovj  cm  cm  cm  cm  cvj  c\j  cm  cm  cm  onooononooooononmon=T.=r.=j':3“.=r  zt  xr  zr  in  in  in  in  in  in  in 


VO  vO 

OMA 

vOvO-^TvO  lAONVOOO 
*-  CM  CM  oo 

S- 

■=rvo.=roo 

vo 

ON 

vO 

S-CMCO »— vo  CM 
0OCO  «-  *- 

*—  S-  ONOO  vo  ZT  VO 
CM  OO*—  CM 

in  on 

s- 

Or- 

ZT  r- 

CM  S-CM  CM  O  O  CM  O 

-=r 

OOOOvOO 

oo 

CM 

OO 

o  in  cm  vo  ooo 

CM  C7NO  S-ON-=T 

CM  CO 

oo 

1 

1  1 

«-  1  *-  CM  r~ 

i  I 

1 

1 

1 

CM  CM  1 

I 

CM  *—  *—  r-CM 

oo 

*— vO 

VOVO 

onoo  in  s-vo  on  s-  ro 

ON 

OOCM  CM  ON 

s- 

CM 

OO 

voco=r  ooonvo 

t—oo^^oo^o 

CM 

os- 

LAO 

CM  *—  *— CO  0—000  CM 

*— 

VOOONO 

CM 

in 

■=r 

oos-oo  in  cm  co 

O*-  O  i-ooaoro 

OOON 

s- 

ON  t — 

OS- 

oo  oosocooooon 

o 

CO  S--=T  CM 

o 

ON 

vO 

O  CM  OOOOOOCM 

onvo  cnCT^zr  on-=t 

*-  oo 

oo 

oo- 

CO-=T 

^--=r  o  e—  rooMn  ^ 

in*-  s-oo 

o 

o 

CMS- CMS- CMS- 

vo  *—  voo  inoN-=r 

roc^ 

ON 

ooon 

invo 

c^oo  cr>  cr<  O  o  ^  c\j 

oo 

in  invo 

00 

ON 

o 

*—  *—  CM  CM  OOOO 

-=r  iniAvovovo  s- 

OOOO 

ON 

- -  T - 

«—  V— 

(MCMCMCM 

CM 

CM  CM  CM  CM 

CM 

CM 

m 

oo  oooo  oo  oooo 

oooooooooooooo 

oooo 

oo 

oooo 

coon 

oo  oo  oo  oo  oo  oo  on  ro 

OO 

moo  onoo 

OO 

OO 

oo 

oo  oooo  oooo  oo 

oo  oooo  oooo  oooo 

oooo 

oo 

CM  CM 

CM  CM 

CMCMCMCMCMCMCMCM 

CM 

CM  CM  CM  CM 

CM 

CM 

CM 

CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM 

CM 

in  co^r-=r  ovovovoiruroo 

cm 

oo  ocmcmvoo*--=tcm*-cm 

*-  1  I  ii 

i 

vo  inoncMvooovoinvocMon 
o>  ininoMnoNvos-onons- 
oo  cmoooooocm*— ons-=t  o 
o  in  s-on »—  ooitnvoco  o  cm 


COvO  OOvOOOvOOOvOvOvO  S— 


00  r-  VO  CVJ  S-  0O=T  OOCM  CVi  S- 
I  I  *- 
1 

s-*— cmons— =r  t-zt  *-cmcm 

ONVO  0-fYVT  C — C0 *—  O'  *— CO 

t-vooj  s-ONT-onon=r  on 
iavocoono  *—  cost  invo  s- 


oj  ooNCOoos-voin.=r-=r  oo 

O  O  ON  On  O' O' O' O' ON  ON  O' 
0O  CO  CM  CMCMCMCMCMCMCMCM 
CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


»— oovcoco  s-vo  irv^-  oocm 

0>  ONCO  CO  CO  CO  oo  oo  CO  CO  oo 
(MCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCM 


zr  cm  onvovovoovvo-^-  ov=r  o-^-^  onincMvo  m 
CM  CM  00  CM  *-  *-  *-  CM  <M  CM  CM  CM  CO 

«=T00  CM  CMOMAvO  O  t— OO  CM  OvO  O  CM  *— vO  S-CM 
*—  CM  CM  *—  *—  I  *-*-*— OOCM  (M -=T  «-*- OOCM  CM 

I 

00  CM  S-OnOn*-  *-  CM  r-  1-  mCKIZTCOzr  CM  OOO  LA 

zr  o  onoNvoONOomo  o  in  cm  inmcMoo  **— =r  oo 

C^SPOOMTiO  inONOOVOcO  0»— CMCM<— *— OnS- 

on  o  *-  *-  cm  onoooo=r  -=r  m  in  in  in  in  i/vr  zr 

ONONOO  s-vo  lTV=T  oo  CM  f-  o  oncO  s-vo  m.=r  no  CM 
S-S-S— S-C — S- 0— S— S— S-S-vO'OvDvOvOvOVOvO 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


MvH 


oMnovovo—r  vo  inoNvooo 
OO  *-  CM  CM  OO 


O  *-  -=T*-vOCMOO*-CMOOCMOn 
I  II  CM  f-  I  r-  CM  I 


r-vo  vovo  r-ONco  in  s-vo  on  s-on 

OS  LAOCMCM  *-  »— CO  S- OOO  CM 

0'S—  O  S- OOOO  000-0  COO  OOON 

os-  oo«=r  f-s^-oscocMnr- 


0000  invOSSCOONONOOr-CM 

T-  T-  *-*-*—*—*'-»—*— CMCMOJCM 

coco  rorooooooooooooooooooo 

CM  CM  CMCMCMCMCMCMCMCMCMCMCM 


C-~3-.=TvO-3-CO 

cmvo^ton 

VO 

S- CM  00*- vo  CM 

•- s-ONcovn^a-vo 

in  on 

OS- 

*—  OO  T- 

oo  oo 

oooo  *-  *- 

CM  OO*—  CM 

CM*- 

ooonoovoo 

inmoin 

s- 

^•ONinrovoo 

*- CM  S-OO  OOOO*- 

COvO 

CM*- 

m  1  1 

CM  1  OO  1 

1  1 

1 

CM*-  1  *-  1  *- 
1  1  1 

*-*-  1  1  1  1  1 

1 

*—  CM 

1  1 

Y 

ON  Ovl  OOCM  CM  on 

t'-c—mcvj 

oo 

vom=r  ooonvo 

ZT  S— OONVAONVO 

-=T  s- 

O  CM 

,-0  VOOONO 

■=r 

oo  s- on  in  cm  oo 

0*-0*-O0c0  00 

OOON 

ONC^ 

oocos^r  cm 

3-  0-3"0 

VO 

O  CM  OOOOOOCM 

onvo  ooon^t  ONzr 

*—  oo 

s-oo 

4-oiOr-sro 

a-  omo 

CMS- CMS- CMS- 

vo  *—  v£>  o  in  ON-=r 

oos- 

in  on 

m=T-=rininvo 

t'-coco<y> 

o 

*-  r-  CM  CM  OOOO 

tninvovovos- 

COCO 

ON  ON 

CM  CM  CM  CM  CM  CM 

(MOJCUCM 

CO 

on  no  onoo  oooo 

oooooooooooooo 

oooo 

oooo 

oooo  oooo  oooo 

romroro 

oo 

on  on  oooo  on  on 

oooooooooooooo 

oooo 

oooo 

CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM 

CVJ  CM  CM  CM  CM  CM  CM 

CM  CM 

CM  CM 

in  co-=r-=r  Ovovovoin-=rco 
CM 

ro  OCMCM  S-0*“  LA*— CMOO 
*~  I  I  II 
I 

vo  inoocMvooovotnvocMoo 
on  in  tn  on  in  on  vo  s-oooos- 
GO  CM  OOOOOOCM  *-  ON  S-=T  O 
o  ins-O'*— ooinvoaoooj 


oo  VO  OOVOCOvOOOvOvOvO  s- 


irur  on  cm  cm  oo  cm^vo  s-=r 
ill  *—iiiii 


s-  *-  cm  on  s-=r  *-  zr  *-  cm  cm 

ONVO  OO^T  S-00  *- ON  T-00 

*-voo-=r  s-ON*-rnoo=r  oo 
invooo  on  o  *- oo=r  invo  s- 


cm  ooNCOoos-voin^r-=r  oo 

O  O  On  On  On  On  O' O' On  O' On 
OO  OOCM  CMCMCMCMCMCMCMCM 
CM  CM  CM  CM  Od  CM  CM  CM  CM  CM  CM 


*—  o  onooco  s-vo  irv=r  on  cm 

On  ONOO 00 00 OO  CO 00 00 00 00 
CMCMCMCMCMCMCMCMCMCMCM 
CMCMCMCMCMCMCMCMCMCMCM 


^TCMOOsOvOVOONvO^TON^r  O^-=rr0in<MvO0O  CM 
CM  CM  OO  CM  »—*—*— CMCMCMCMCMOO  zr 

O  *-  o  00  OOO  OOON  CM  oo  0-00000000 00  m=T  oo 
r-^r  I  r-r-OO*— CM  *—  I  CM  CM  *— =T  ^=T  CM -=T  lA  I 

I  I  I  I  I  I  I  I  I  4  I  I  I  I  I 

co  cm  s-onon*-*— cm*— *- oocm -=rco-=r  cm  ooo  in  in 
zt  o  ooonvo  onooiao  oincMinonojco*— -=r  oo  »— 
ONS-ooaNinoinaNoovoooor- cmcm  »- »— o»s-  cm 
ono  *— *-  cm  oooooo=r^-^r  inininininm=r-^-  ^ 

ononco  s-vouva*  oocm  *- o  onco  s-vo  m-=r  oocm  o 


CM  CM  CM  CM  CM  CM  CM  CVJ  CM  CM  CM  CM  cm  CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM  Ovl  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


o— OOONO *—  CM  m=T  invo  SOO^Or-  CMOOsr  invOS-OOONO  *—  CM  COST  invO  S-00  ONO*—  CMOOsr  IAvOS-COOnO  ♦— CM  00=3-  invO 

*-*-cmcmcmcmcmcmcmcmcmcm  ononcncoonononononon=r  <^-.3'ja-.=r;=r;=r.^-.=r.=rininininininin 


*  v  *  i 


r— ooc-'O  —  c\j  oo^r  mvo  c— coo>o  —  cm  m=r  mvo  koono  —  cm  m=r  invo  t— co  ctno  —  nj  m^r  mvo  e— ooovo 
IT\  in  tfVO vO  vO vO  VO  vo  vo vo  vo  vo  t—  t—  t—  e—  t— t—  c—  e—  t—  e— co  co  oo  oo  oo  oo  oo  co  co  oo  ov  o  ov  ov  ov  cr*  on  o>  o>  o>  o 


aO  — 

vo  co 

t—  t- 

VO-=T 

■=r  oooo  cm 

LT> 

oooo 

in 

t—  r— 

r-  CM 

—  00 

CM  1-1“  CM 

CM 

OOl- 

i— 

CM  CM 

oo  O 

^TCTn 

c— OO 

oo  in*—  cm 

—  .=t 

— 

t— 

—  CM 

cm 

1 

1  CM 

1-  1“  CM 

\ 

CM 

CO  — 

1  1 

i 

i 

^rao 

VO  vO 

asm 

OCM 

0 1— vO  t— 

c r> 

oorr 

o 

covo 

cr\ 

co-=r 

COvO 

O  O  CMCO 

oo 

crvt- 

-=r 

t— 

coco 

vo  — 

vo  O' 

oo=r 

Sq-OlTi 

in 

i — 

a> 

-=3* 

con 

ITi  OO 

C-O 

ooo 

t— oonm 

o 

me— 

in 

CO 

•  • 

•  • 

•  • 

•  • 

•  •  •  • 

• 

•  • 

• 

• 

oo 

i-  CM 

-=T  LPi 

VO  VO 

t— OOOO  00 

cn 

on 

o 

• — 

-=r 

^rrr 

-=r^r 

=r 

■=r.=r 

in 

in 

oooo 

oo  oo 

oooo 

oooo 

oooooooo 

ro 

oooo 

oo 

oo 

CM  CM 

CM  CM 

CM  CM 

CM  CM 

CM  CM  CM  CM 

CM 

CM  CM 

CM 

CM 

C — VO 

COt- 

ooinoocr*  t— ovoooo^r-=r  c— rooocr»vovOi— 

i-OO 

av  coo 

e— oo 

CTv 

OO 

—  CM 

1-  CM  i— 

oo 

OOl-  1-1- 

CM  i— 

CM 

*“* 

o-=r 

•=r  c— 

vot'-o.=r:=r  cvj^romaoc\iiriOf-oot-o«- 

CMOv 

ONVOi- 

i-  in 

i- 

t— 

—  CM 

1  i-ll  II 

1 

1-  CM 

1  1-  1  1  — 

1 

1 

1  i-  1 

1 

1 

i-O 

oo^r 

t'-ooiriosco  t'-inmu'iirioco-^'sr  incoonr''nr\vD 

inoo^T 

i—  CM 

CO 

ro 

i~  on 

LOCTv 

voov=r  lo,-  m-=r  e—vo—vovo  oocm  oooo  .=y  cm -=r.=r 

CM '-Dr- 

OO  CM 

in 

00 

rot- 

com 

0'>a''Cr>co  c—  cmctmoi— c— i— 

in  cr>  cm  ^  vo  oo  ov  o\  cr» 

c—  moo 

CM  00 

c— 

■=r 

<\ji- 

o 

volo^toocm  ococ— vo^roo 

i-  <T^00vO-=T  CVJ  OOOvO 

CNJ  OCO 

i-00 

oo 

oo 

vom 

OOi- 

COC—NOUVT  CNjOCT'COt'-'DtTlOO{NJ,-OCr>COvDin 

mcMO 

t— in 

oo 

o 

in  in 

mm 

^rrr-=r«=r^r  ^t-=toooooooooooooooooocmcmcmcm 

CM  CM  CM 

1—  — 

i— 

i— 

04  CM 

CM  CM 

CN1 CN)  CNJ  CN1 CNJ  CM  CM  OJ  fNJ  CM  CM  CM  CM  <NJ  C\J  CNJ  OO  CM  CvJ  <N) 

CM  CM  CM 

CM  CM 

CM 

CM 

c\jc\j 

CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM 

CM  CM 

CM 

CM 

oo  — 

vo 

oo 

oo 

ooovo  c—  in— 

-=ro 

CM 

VO 

CM 

«- 

CM 

-=r 

OOCM  —  —  —  — 

•*- 

»— 

*■" 

vO  O 

•=r 

CM 

CM 

—  cm  in  oot—  c— .=r 

00  VO 

OO 

vO 

OOOO 

oo 

1 

ro 

CM—  1  1 

1 

1 

1 

■=roo 

vo 

VO 

in 

C—  OOCM  t—  Or-  CM 

ot- 

t— 

00 

o 

COvO 

-=r 

Ov 

in 

avoo  ooo  —  t-vo 

— ^r 

on 

in 

— 

oooo 

vo 

i— 

in 

0-=rcoom=r  in 

CM  O' 

co 

CM 

<=T 

one— 

in 

OO 

o 

— c—  c—  o 

me— 

o 

CM 

00 

•  • 

• 

• 

■ 

•  • 

• 

• 

• 

oo 

t— 

CM 

oo 

zr  zr  m  in  invo 

t-t- 

o 

o 

o 

•=r*=r 

■=r 

•=r 

-=r 

^  ^ 

•=r«=r 

in 

in 

oooo 

oo 

oo 

oo 

ro  oooo  oooo  oooo 

oooo 

OO 

oo 

oo 

CM  CM 

CM 

CM 

CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM 

CM 

CM 

CM 

vOOOOOjTOO 

•=r  ooco  omovo  oo=r  me— incr> 

OO 

e— 

r~ 

O 

0-=T 

coco  O 

-=r 

1~ 

CM  1-  1-  CM 

CM  CM 

—  » — 

CM 

OvOO— t— O 

coonr-  OJCO  OVD  On  O'-  oo  i/v=r 

O 

VO 

t- 

mo 

■=r  oooo 

oo 

1  1  1 

1  1  CM  —  1  OO— 

OO 

CM  — 

1 

1  i 

oo 

1 

cr\=T=t  t— erv 

come— — t— —  CMcomooo^ 

o 

CM 

CM 

o 

—  CO 

CM  CM  CM 

a3^3-<r>Din 

vooo  mavoooooavi~CMoo-=r 

t- 

m 

m 

CO 

mco 

mono 

CO 

C-OsO  — 

i-  o  t—  in  cm  ov=r  o  m  cr*  oo 

a> 

m 

■=r 

CMvO 

moo  — 

=T 

oercoco  e— 

m^r  cm  i- o  t— vo  m  ooi- o 

VO 

— 

C— 

e—  -=r 

ovvo-=r 

OO 

• 

• 

• 

• 

•  • 

•  •  • 

• 

OOi—  O  C7VCO 

vo  in^r  oocm  o  avco  c— vo  m-=r 

i— 

co 

m 

CO 

m 

OOvOO 

m 

i/Mruvr^r 

moo  oooo  com 

OO 

CM 

CM 

— 

—  — 

—  OO 

o 

CM  CM  CM  CM  OJ 

CMCMCMCMCVJCMCMCMCMCMCMCM 

CM 

CM 

CM 

CM 

CM  CM 

f\J  CNJ  CNJ 

CM 

CM  CM  CM  CM  CM 

CMCMCMCMCMCMCMCMOJCMCMCM 

CM 

CM 

CM 

CM 

CM  CM 

CM  CM  CM 

CM 

scoa'O —  cm  oo=r  mvot— cocrvo  i—  c\j  m=r  mvo  c— cocrvo  —  cm  ro^r  mvo  t— co  avo  —  c\i  on=r  mvo  c— co  ctno 

mmmvOvOvOvOvOvOvOvOvOvO  f- —  —  t —  c —  C —  t — C — t— C—C— CO  COCO  OO  CO  00  COCO  CO  00  CT^Cy^Cy^CT'O^O^O^C?''C^'C7^0 


o  cm  ^  vo  oo  O  c\j  =r  vo  co  o  cm  a-  vo  cd  o  cm  -=r  o  oo  o  (\j  -3-  'O  oo  o  <\j  -a-  >£>  co  o  cm 

.-r-  .-CMC\jCMCMCMonmrrimc’''va--=r.=r -=r.=r  trurunLruri'O'O 


I'  -J 

.■*  .■* 


1  O  1  o  1 

«— 

inm 

ooo  cm  oo  m=r  cm 

o-=r  in 

E-t- 

-rj-m 

OO 

mermen 

in  vo 

1  CM  1  1  1 

C\J 

i  i 

*-  1  1 

r—  r — 

1  1 

r— 

*-cm  1 

i 

1  1  O  1 

1 

1 

i 

1  1  1 

CM 

incr> 

VDO(T'C\1C7>OVO 

moo 

» — CO 

oc- 

C'>C^- 

OvOv 

i  i  <n  i 

e- 

t-OO 

m=r  min 

T-C-O 

om 

=T  T— 

C-CO 

c\j  mc^^r 

-=r.=r 

i  i  n  i 

in 

VO  CM 

on  c^-  cm  invo  in  »— 

c^-=r  o 

CM  oo 

^-■=r 

vOCJn 

ovoomo 

CM*- 

1  1  o  I 

c*- 

inov 

CO  r~=T\OcO  o  cm 

tnvot-~ 

E^-vO 

in*=r 

t— ON 

inoms 

■=r  C^- 

i  i  i 

• 

•  » 

•  ••*•»• 

•  •  » 

•  • 

•  • 

•  • 

•  •  •  • 

•  • 

1  1  Qu  1 

o 

r-in 

ocNf-inmcMO 

■=r  cm  o 

■=T  CM 

COvO 

CMO> 

invovovo 

E-~t"- 

1  1  1 

-=r 

mm 

mCM  CM  CM  CM  CM  CM 

i—  r—  r— 

OO 

On  On 

avco 

oooo 

oo 

1  1  1 

CM 

CM  CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM 

CM  CM 

r—  r— 

r—  » — 

common 

mm 

1  1  1 

CM 

CM  CM 

CM  CM  CM  CM  CM  CM  CM 

CM  CM  CM 

CM  CM 

CM  CM 

CM  CM 

CT'O'CT'O'ct'Ooo 


C  » 

«— 

mCMoo-=r 

in 

00 

zrav 

e*- 

t-T- 

C— 

n  i 

*“ 

*“  «- 

T“ 

* — 

i 

O  1 

on 

c^-cmzt 

o 

CO  VO 

in 

cm 

m 

in 

i  i 

r-~ 

r-  <r— 

CM 

r— 

i 

i —  »— 

*— 

r— 

VO 

o  I 

1 

1 

i 

i 

m 

i 

vO 

i 

00 

min=r  on 

CM 

«— 

cm  in 

t- 

(Mr- 

o 

CO  t 

in 

vo  onon-=t 

On 

On 

CO  CM 

CM 

O  CM 

m 

in 

jO  1 

CM 

mcMCT\-=r 

vO 

On 

CM-=T 

O 

— 

m 

«— 

CM 

O  1 

vO 

avmvoo 

vO 

T— 

* —  CM 

■=T 

CM 

co 

O 

t 

• 

•  «  •  « 

• 

■ 

•  • 

• 

•  • 

• 

• 

O 

CC  1 

1 

=r 

*■—  m^no 

00 

, - 

c— oo 

O 

cm  m 

C*- 

o> 

o 

■sr 

in  in  in  in 

in 

VO 

vO  vO 

C-> 

C'-C'- 

t- 

c^- 

CM 

1 

CM 

CM  CM  CM  CM 

CM 

CM 

CM  CM 

CM 

CM  CM 

CM 

CM 

1 

1 

1 

CM 

CM  CM  CM  CM 

CM 

CM 

CM  CM 

CM 

CM  CM 

CM 

CM 

CM 

O  1 
C  1 

CM 

=r  m  moNt^-vo  m 

r~—  m 

co-=r 

min  -=r »— 

•=r.=r 

y-C?\ 

t—  O' 

CO 

1 

CM 

t  i 

o  \ 

i  i 

C  1 

cm  corncob 

CTv 

■=r  m  in 

OO 

■sr  roiOLn'C 

m 

r-int'- 

^ —  «— 

* — 

i  i 

O  1 

*— 

< — 

CM  t“ 

i — 

1  CM 

CM 

T— 

i  i 

1 

1 

i  i 

O  1 

ctv-=t  co  in  cm 

c\jcotn 

■=r 

mr-vomvo 

vO  C^-»— 

m 

i  i 

1  1 

i  t—  < — 

CM 

1 

1 

CM  CM 

i  i  i 

CM 

c^in 

CM 

1  vO  1 

O  1 

1 

i 

■=r  cm^t 

^r(\j 

vO 

i  m  i 

1 

^r-=r »— 

CT>0 

rr 

I  1  vO  1 

1 

mmscor- 

CM 

VOC--0 

m 

C^-O'C^-OCO 

on  oin 

C*- 

t-f-in 

in 

O 

i  i 

<n  i 

ctn  »—  c\j  cr> 

CO 

f-inin 

E^ 

ininino^ 

on  mm 

c*- 

•  •  • 

•  • 

• 

■  i 

O  1 

irnovom^- 

O 

ZT  E^-OO 

m 

OMOr-  m=r 

c —  * —  C\f 

CM 

in  mo 

in  cm 

C- 

i  m  i 

O  1 

oomaomt- 

vO 

mvoo 

in 

t-minvoc^- 

CO  ON  ON 

vOvOvO 

in  in 

1  O  1 

i 

• 

•  •  • 

• 

•  •  •  •  • 

•  •  • 

• 

« —  , — 

I-'  V— 

r~ 

1  O  1 

ce  i 

cm^t  int^-co 

< — 

zr  invo 

CTn 

mwT  invo  ir— 

o>o<- 

in 

CM  CM  CM 

CM  CM 

CM 

1  O  1 

in 

ininin 

in 

vOvOvOvOvO 

vOE^>E^ 

E*— 

l  CM  l 

i 

CM  CM  CM  CM  CM 

CM 

CM  CM  CM 

CM 

CM  CM  CM  CM  CM 

CM  CM  CM 

CM 

1  1 

i 

CM  CM  CM  CM  CM 

CM 

CM  CM  CM 

CM 

CM  CM  CM  CM  CM 

CM  CM  CM 

CM 

*-  minNO'**- 

min 

1  1  1 

i 

1 

m  i 

O  1 

C  1 

00 

ininm 

CO 

CO 

•=TvO  CM 

CO 

int^CM  m=r  m 

* 

O  1 

CM 

t— 

O  1 
O  1 

O  1 

m 

ONO>m 

m 

■=r 

<-in»“ 

ON 

in-=r  on  mz3- co 

CM  » 

1 

1  » 

O  1 

1 

1 

*- 

i  )  i 

i 

i  T 

1 

«—  CM CM 

1  1 

1 

1 

CM 

in  vo  oo  m 

E- 

m 

CM 

E-Oin 

VO 

ST  r—  vo  ON 

1 

W  1 

m 

On  vO  CM  C'- 

CM 

E"— 

(Mco-=r 

m 

inmr-vomr- 

1 

n  i 

in 

CM  E — O  O 

^r 

o 

VO 

m 

in 

(MCO  •—  CM  »-CO 

1 

o  I 

c- 

minooo 

m 

vO 

C^ 

oooo  oo 

vo 

CM  « —  ON  t — 

1 

i 

• 

•  •  •  • 

• 

• 

• 

•  •  • 

• 

1 

a.  i 

in 

Ninm(\j 

oo 

.=r 

o 

vOJ  CM 

vO 

cm  ooo  inmr- 

1 

i 

m 

CM  CM  CM  CM 

« — 

*— 

, — 

OOO 

ON 

Ov  on  CO  CO  co  co 

1 

i 

CM 

CM  CM  CM  CM 

CM 

CM 

CM 

CM  CM  CM 

r— 

1 

j 

CM 

CM  CM  CM  CM 

CM 

CM 

CM 

CM  CM  m 

CM 

CM  CM  CM  CM  CM  CM 

••--•.'J 

•V.vM 

-M-.vM 

I-.  ■  J 

-V 


» _ j 


.V/,*. 

•  4 

-v-> 

s-;.*v 

>  -'V  V 

'Z'Z'.y 

I  * 


.V 


r  .  j 


»  ■  »** 

•V':< 

l'V,f 


“VC''\ 

ir*i 

<r».~  ■ t 


Of\jrr\OCOO(\JiTvOOOO(\)^^OCOOfNj^r'£iOOO(\l^'000  0(\J4-vDCOO<\J 
*-  CM  CM  CM  C\J  CM  mmmmm=X  =T  =T  -=T  -=T  iTMn  in  lfN  invOvO 


•  •• 

.•  V,  .■ 


w  y.v  s^^-.v'  !'.'a  :vS/lNV.V  V  > 


\\j» ‘  •_** 


/•  ZJk-Z^m.  TmA  Mwi 


'C-ivM- 


sr  vo  oo  o  oj  -=r  vo  oo  o  c\j  sr  vo  co  o 
vOvOvO  S-t — S-S-S-COCOGOOOOO  on 


V  .  -  «  _A  -  -  -  •  .  %  A  .  A  .  A  A  -- 


\  \  -  »  -  ■  '»  ~w 


! 

1 

1 

1 

1 

O  1 

C  l 

cnoos- 

OnS-OO 

inmoj 

•=**  CM  S- 

COON 

1 

O  1 

«—  T- 

■— 

OJ  r— 

! 

1 

1 

1 

c_>  1 

C\J  a\9- 

OJOCO 

vo 

»— -=r 

t-CONO 

vo  O' 

1 

1 

1  1 

r—  r— 

r—  i— 

r— 

r— 

1  1 

CM  «- 

1  VO 

1 

O  1 

1  1 

1  1 

1 

1 

I  m 

1 

1 

1  vo 

1 

1 

inm*- 

OOV=T 

cos-o 

COt-OO 

COCO 

i 

1 

W  1 

onov=t 

int-^r 

in  coon 

«-vOCO 

VO  ON 

1 

r>  i 

.=toncm 

S-OO 

o 

r-CO 

inco-=r 

S-vO 

1 

o  t 

t-COvO 

ocoin 

OvvOfM 

VO  CM  On 

■=r  O 

i  *~ 

1 

i 

•  •  • 

•  •  • 

• 

•  • 

■  •  • 

•  • 

j  r- 

1 

DC  1 

CM  cm  m 

in  invo 

S-OOON 

oj  mm 

VOS 

|  * — 

I 

\ 

in  in  in 

in  in  in 

in  in  in 

vOvOvO 

vOvO 

1  o 

1 

1 

CM  OJ  OJ 

CM  OJ  OJ 

OJ  CM  OJ 

CM  CM  CM 

OJ  OJ 

1 

1 

1 

1 

CM  CM  CM 

CM  OJ  OJ 

OJ  CM  OJ 

OJ  OJ  CM 

OJ  CM 

UDN 

on  invo  in  r- in 

1 

1 

O  1 

C  1 

CM  ONVO 

st  co 

cn*- 

ST 

sr  m*-  msfl-  co 

!  2 

1 

O  1 

«" 

«“ 

*- 

«- 

S-OO 

in*—  t—  ms- on 

1 

I 

1 

O  1 

S-CMCM 

i — m 

OJCO 

m  f-ONOoo 

1-CO 

i  i 

1  o 

1 

1 

1  1 

O  1 

1  1 

1 

1 

1 

coin 

o  s-.=r  t-  mo 

1 

1 

1 

1 

vOO>0 

os 

s-s- 

in 

«—  VOS-OCOCO=T 

ojvo 

CMnoooj-=r-=r 

1 

1 

05  1 

m=r  o 

inr- 

moN 

in 

oj  inovo  corner 

OC\J 

ino>ooNC\i 

1 

1 

J3  | 

t—  OJ  OJ 

OnvO 

ONVO 

ON 

r-  sr  ojin«- 

■=rco 

r-OO 

00-^- 1~  C^OJOO 

1 

1 

O  1 

ooj^r 

ON*— 

-=TvO 

o 

in  s-co  on  o 

r—  *— 

•  • 

1 

1 

1 

•  •  • 

•  • 

•  • 

• 

•  •  •  •  • 

•  ♦ 

*-00 

r-ONt^-=r  ojctn 

1 

1 

CL  1 

voi/vr 

« — 

onco 

VO 

m  oonctnco  s- 

CO  S- 

s-vo  vovovo  in 

1 

1 

1 

sTSTST 

srsT 

mm 

CO 

m  COCOOJ  OJ  CM  OJ 

r—  *— 

r*  r-  r-  i —  * —  < — 

1 

» 

1 

CM  CM  OJ 

OJ  CM 

CM  CM 

CM 

OJ  CMOJOJOJCMOJ 

(MOJ 

CM  CM  CM  C\l  CM  CNJ 

1 

1 

1 

OJ  CM  CM 

OJ  CM 

CM  CM 

OJ 

CM  CM  OJ  OJ  CM  OJ  OJ 

sT  VOOO  O  OJ  sr  vOOO  O  OJ  =T  vOOO  O 
vOvOvO  C* —  C' —  t t —  t — OQGOOOOOOOON 


-  oj  m=r  invo  s-co  on  o  oj  m=r  invo  s-co  on  o «—  oj  m=r  invo 

*-*-*-*— t~OJOJOJOJC\J(\jc\J 


ST 

CO 

m 

1 

o 

c 

i 

i 

ON  ON 

CM 

sTsr 

r-scos^ro^t- 

oin  rornm 

vovo 

OJ 

1 

r> 

i 

r— 

r— 

*— 

s- 

O 

o 

c- 

1 

o 

i 

*—  in 

in 

sr  in  o  sr  co  sr  min  oj 

00VO  -=T  OJVO 

O  OJ 

CM 

1 

1 

1 

o 

i 

i 

T— 

1 

I  i 

OJ  CM  *—  1  r- 

1  1  1 

i  i  i 

1 

ST 

OJ 

t 

t  vo 
i  m 

i 

i 

OjvO 

s- 

ST 

00  VO «—  ONVO  VO  vo 

Oco  sraoo\ 

co  VO 

ON 

OJ 

9— 

OJ 

1  vo 

CO 

i 

ON  in 

m 

in  OO  CM  O' CM  VO  CM  vo  ON 

invo  -=r  ^ton 

OON 

CO 

OJ 

vO 

*— 

i 

n 

i 

ST  r- 

CM 

rosco  o  *—  oj  co 

sr  oj  -=rco  m 

^~OJ 

ST 

ON 

OJ 

s- 

i 

o 

i 

f-ON 

vo  mo  co  in  oj  onvo  oj 

vom  vocmon 

ojco 

T- 

CM 

■=r 

\  o 

K 

i 

OJ  CM 

ST 

vONoOCOCT'OO'-tM 

m=r  in  vovo 

coco 

CO 

CO 

co 

co 

1  » — 

i 

in  in 

in 

in  in  in  in  in  vo  vo  vo  vo 

vOvO  vOvOvO 

vovo 

OJ 

OJ 

CM 

OJ 

1  r- 

i 

OJ  OJ 

CM 

CMOJOJCMOJCMCMOJOJ 

CM  OJ  CM  OJ  CM 

OJ  OJ 

CM 

CM 

CM 

OJ 

1 

i 

i 

OJ  CM 

OJ 

C\JCMC\JCV<VC\l{\KMt\J 

CM  CM  OJ  OJ  OJ 

CM  CM 

VO  VO  COON 

ON 

s-  in  in  s-vo  m 

1  1 

1 

O 

c 

i 

i 

sr 

^■ONvoin 

os-ononooco 

o*-oj-=r  m 

OVT 

f— 

!  *“ 

o 

i 

S-VO  COCM 

T— 

»—  t — sr  mo  CM 

o 

i 

T—  »— 

ST  CM 

a-CMO-ST^OiTSmr'  m 

o  in 

1  *— 

1  1  r- 

CM  *— 

|  r- 

1 

i 

1 

1  OJ 

1 

«*—  r-  r-  |  r- 

1^-11  1 

1 

\  1 

o 

i 

i  i  i 

inin-=r  cm 

r— 

CMONS-oin^r 

1 

i 

s- 

ST  Lncoco 

vO  CM  CO  O'  VO  ON 

OJ 

s-co 

00  CMS-*- 

9 - 

OvOCOi- 

CMS- 

1 

CO 

i 

in 

cm  oo  in «- 

co  cm  oj  s-o>oj-=t  mins-  vo 

VOOO 

ojinin^r 

ST 

vomo>co=r  m 

1 

n 

i 

m 

ojcm 

t-ocnOf-ONCoinojoo  m 

oin 

cm  on  vo  m 

VO 

co-=r  ONino  in 

1 

o 

i 

o 

^*voooo 

ins-coo*—  cm  minvos-  o 

ojm 

•  •  •  • 

• 

*  •  ■  • 

•  • 

1 

i 

• 

•  • 

•  • 

•  •  •  ♦  • 

•  • 

onvo^t  cm 

C*- 

ojosinmo 

1 

CL 

i 

O' 

s-vo  in  in 

cnj  ^ootJ'co t^-voinrr  cv 

OON 

c — t —  S-  s- 

vO 

vovo  in  in  in  in 

1 

i 

ST 

STST 

STST 

sr  sr  sr  sr  cr>cncr>cncncn  m 

moj 

« — 

T—  T— 

1 

i 

OJ 

OJ  CM  CM  OJ 

CM  OJ  OJ  CM  OJ  OJ  CM  OJ  CM  OJ  OJ 

OJOJ 

CM  OJ  CM  CM 

OJ 

CMOJOJOJCMOJ 

1 

i 

CM 

OJ  CM  CM  CM 

C\l  OJ  <\J  CM  CM  CNJ  OJ  0J  CM  CV  CM 

CM  CM 

-ojf^n^invos-oooNO*— oj  m=r  invo  s-oo  on  o*- oj  cosy  mvo 

*— «-CMO)CMCMOJOJOj 


245 


SvWwV/ 


>  .V  .-1  A 


V.V.v^  a  .V.v.s -Va' Va‘ vV.Vj 


A  A  . 

kAA'.'A 


v.r.v. 


t*— OO  O'VO  *—  C\J  COST  lOvO  C--COONO  t—  CM  CO^  invO  C— -COOnO  *—  OJ  COST  invO  t—CO  ONO  f  CM  COST  invO  C--CO  ONO  t —  C\J  COST  invO 
oj  cm  oj  co^o^oocooocorooocosrsy  stst-st  ststststst  inintninmininmLninvoioi£>iovjOvoiovoovot'-t--c— c^t^c-e— 


=t<o  c—  on  coco  in 


o>  sr-=r  on 


OJ 

oj^r  oj 

invocovo 

T-OJ 

r-OJO 

o 

On -=3- 

t-  O 

CO 

OOON 

N^' 

t— r- 

»-  r-  T-  I 

1  1 

Y 

1  *- 

CM 

1 

CM  1 

1 

as 

ON 

OJOO 

oj«~o>o 

ON  t— 

O  OJ  CM 

sr 

-=3" 

=T  O 

C-  t- 

in 

^TvOst 

V*. 

*“ 

moot- 

vo  oj  co  in 

t--c- 

oinvo 

vO 

t— 

sr  O 

on  c- 

CO  CM  O 

>  v 

o 

sr  coco 

ONC3NIO 

t-sT 

^-sr  r- 

vO 

ON 

t-co 

in  oj 

-=r 

inoosr 

* 

t— 

vO  OJ  t — 

ON^roNin 

•— vO 

t— VO  r— 

O 

ON 

OJvO 

vo  -=r 

in 

oj  in  on 

• 

•  •  • 

•  •  •  • 

•  ■ 

•  •  • 

• 

• 

•  • 

•  • 

• 

•  •  • 

ffia 

c- 

Of-r- 

oj  corner 

vOlO 

COCOON 

o 

o 

coco 

in  vo 

c- 

coco  CO 

vO 

t^c-t— 

C"- C*- C— C"“ 

t^t- 

t — c — t — 

CO 

OO 

coco 

co  co 

CO 

COCO  00 

OJ 

OJOJ  CNJ 

OJOJ  OJOJ 

OJOJ 

OJOJOJ 

OJ 

CM 

CM  CM 

OJ  CM 

CM 

(MCMCM 

O 

OJ 

OJOJOJ 

OJOJ  OJOJ 

OJOJ 

OJOJOJ 

OJ 

OJ 

OJOJ 

OJ  CM 

OJ 

OJ  CMOJ 

/*.'J 

COST 

00 

coo  oj  cost  cm 

vo 

sr  cot— 

in 

co  ro 

vo 

vO  C—O  t--ST  O  COST 

vO  OJ 

r-  t—  t— voino 

<c- 

CM 

*— 

*“ 

t—  *-t- 

r— 

t—  »— 

<\J  CM 

t— 

COt — On  OJ  000 

C-- 

Or- ON 

t- 

t-O 

CM 

■=T  OvOvO-=fvO  t-^r 

COO 

ooo  t— o-=r-=r 

«— 

1  1  T- 

t-CM 

1  t- 

1 

CM 

OJ 

t— t—  t—  t— 

1  «—  1 

1  t- 

t-  t-CM  t- 

■ 

1 

1 

1 

1  1 

1 

1 

1 

coo 

ON 

o-inocTNo  cm 

ON 

t-iOON 

CO 

ST  t~ 

in 

ojoojoj^ocxjsr 

ON  CM 

^ »—  int-coco 

S$>' 

COON 

in 

t-ONv£>mcMO 

t-~ 

ir»-=rco 

in 

ST  O' 

CM 

vo  sr  o*  cm  sr  cm  ov^- 

OnvO 

ojvo  o  in 

_v> 

crtr 

vO 

vO  COCOONCO  .  *N 

co 

co  sr  on 

co 

LTitTl 

co 

oo  t— voonoj^t  inc- 

invo 

COt^-  ONCO  ONCO 

in 

vOvOt—vO  t^t-- 

vo 

vo  in  in 

.=3- 

CO*— 

ON 

t— co  in  in  cocoo  o 

■=r^r 

t-  c-  cocoonon 

% 

•  • 

• 

•  •  • 

•  •  • 

• 

•  •  • 

• 

•  • 

• 

•  •  •  • 

•  •  >  • 

w 

LTN^T 

OJ 

ocyicot— voin 

ON 

vo  irvr 

OJ 

OON 

VO 

COCMt- 

octnooc- 

CO  CM 

ooo  voinoooj 

OJ  OJ 

OJ 

OJ  t"“  t — 

—  t —  « — 

o 

ooo 

o 

OON 

ON 

O' ON  ON  On  ONCO  CO  CO 

OOCO 

oo  t—  t — c-— c — c— 

a 

CMOJ 

OJ 

OJOJ  CM  OJOJOJ 

OJ 

OJOJOJ 

OJ 

Ojt- 

t— 

r —  * —  » —  « — 

r—  r—  t—  t— 

«—  t— 

t— t—  , — , — , — 

OJOJ 

OJ 

OJ  OJ  OJ  OJ  OJ  OJ 

CM 

OJOJOJ 

OJ 

OJOJ 

CM 

OJ  OJ  OJ  OJ  OJ  CM  OJ  OJ 

CM  CM 

CMOJ  OJ  CM  OJ  CM 

o  o  o  minvo  in  on  coco rnojsr  o 
c--t-ocoint-cv^coinoNOj;sr  t--cnsr 

*—  CM  T—  \  f“  T-  »  ,-t-  |  | 

I 

-=r  o  t—  cm  t-  cmo  -sr  vo  rot--  Osr  o 
oo  o »—  t—  o »-  in  o>oo  oo  vo  on  mm  c\j 

VO 00  0O  t— tr»  000>  CVJ  Ov  0J  ON  o  VO 
ovoojco^f  ovo »-  t-rocoa-  anno 

oo  i—  t-  c\j  cooosrsr  minvovo  c— oo 

OJOJCMOJCMOJCMOJOJCMCMCMOJOJOJ 

OJOJCMOJOJOJOJOJCMOJOJOJCMCMOJ 


■3-lAsrON 

■=T  ON 

in 

CO 

OO 

ovr 

CO 

■=r 

t — 

vO 

t- 

t-in 

«- 

c— 

OJ 

-=T  COCOON 

cm  in 

in 

O 

in 

r-in 

r~ 

in 

CM 

t-OJ 

1 

I  1 

\ 

I 

i  i 

1 

1 

CM 

OJ  | 

Of- coin 

in-=r 

ON 

vO 

ON 

ooco 

CO 

CM 

co 

T _ 

O 

ST  ON 

co=r  rot-- 

«-o 

c*— 

T— 

00 

-=r  in 

t— 

OO 

CO 

VO 

ovcot--o 

'OvO 

VO 

in 

o 

int-- 

vO 

CM 

vo 

t-- 

vO 

CO=T 

int~in»~ 

0^3- 

CO 

CM 

T— 

t — CM 

o 

CO 

in 

CM 

O' 

vO  C— 

•  •  •  • 

•  • 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

•  • 

O  t—  r—  CM 

coco 

■=T 

in 

vO 

t--co 

ON 

ON 

o 

, — 

, — 

CM  CM 

COCOCOOO 

coco 

00 

oo 

00 

0000 

oo 

CO 

ON 

ON 

O' 

O' O' 

OJOJ  OJOJ 

OJOJ 

CM 

CM 

OJ 

CMOJ 

CM 

OJ 

OJ 

OJ 

OJ 

CMOJ 

CM  OJOJ  OJ 

OJOJ 

CM 

OJ 

CM 

OJOJ 

CM 

OJ 

CM 

CM 

CM 

OJOJ 

r'ls 

SfOtnr-  ctktwo  oomd  roirv 

0- 

ooin-=roo 

=T 

ITIVOOMO 

mino 

ST  VO  ST  ooco  invOCO 

COCO 

OJ  t— 

CM 

,m*  J 

inoj  »-t--=r  COONCOVO^T  ON 

OJ 

inocMov 

sr 

.-t-T-O 

coot- 

o  t--vo  cm  cm  in  in  o 

CM  CO 

1  (Mt-t—  | 

1  1 

1 

OJ 

I  CMr-t- 
1 

t-  1 

1  1  t-«-  1 

1  1 

ONOVO  C-COt^OvCOCO  t-oo 

ON 

ST  OJVO  CO 

=r 

c- 

O  OJVO  r— 

t— oo  in 

vo  r—  t— voco  inc*—co 

in  in 

[-*’  * 

«—  t^- OOCO  O  «— C-iOCO  vo  ON 

in 

*-»- oin 

CO 

inO^T-=T 

vOOOvO 

lTi  •—  =x  'O  vo  'o  tn 

CM  co 

ot—CMc-ojinoNO^  cot-- 

co 

rocMt^-co 

CM 

On 

coo  in  cm 

OJ  CM  O 

'DOOi-fO'Otn 

ON  CM 

insr  vo  int — vo  t — c—oo  t — co 

co 

covoo-in 

ST 

OJ 

rooir- 

ount— 

sr  O  OJ  r-  on  COVO  o 

VOON 

t^vo  in^  cooj  *—  o  onoo  t— 

in 

t-OONCO 

vO 

ST 

00^01  O' 

vo  in  sr 

cm  »—  oco  r-vo  msr 

t-O 

tv 

CMOJOJCMOJOJCMCMf-t-t- 

« — 

t-t-OO 

O 

O 

O  O  ON  ON 

O' O' O' 

O'  O'  O'®  00  00  oo  00 

COCO 

L> 

OJOJCMOJCMCMOJCMOJCMOJ 

CM 

CM  CM  CMOJ 

CM 

CM 

CM  Oj  « —  t— 

, —  r-  1 — 

r— t— t— r— f-r— t— r— 

_ _ t— 

OJCMCMOJOJOJCMCMCMOJCM 

OJ 

OJOJOJ  CM 

OJ 

CM 

OJOJ  OJOJ 

OJOJOJ 

OJ  OJ  OJ  CM  OJ  OJ  OJ  OJ 

OJ  CM 

co  o-=r  on 

*-cm  i 

I  I  I 

ojoc--cn 
t— vOt-m 
sroNinvo 
incot-sr 


t— 00  OnO  »—  CVJ  0O5T  invO  t—COONO «—  OJ  COST  invO  t*— COOnO  •—  OJ  f'Vf  invO  C—C0  O' O  ♦—  OJ  CO-3"  invO  t— COOnO  »—  OJ  COST  invO 

cMOjojononononcnooonoooocn=r«^.^srsr.=r.^-.=r  inLninLnininininininvovoi£>voiov£>voi£>iovoo-t-i--t--c--c--t^- 


•  ’  I 


c^-oo  as  o  c\j  co=r  iri'.o  t^-co  cr*  o  oj  rvvr  ir»vo  t*>-co  o 

f-  C—  C^OO  00  CO  CO  oo  oo 00 00 CO  CO  ON  ON  O'*  O'*  O'*  Ov  Ov  Ov  O'  0\  O 


00 

VO 

O 

in 

C- 

Ov 

CM 

o 

CM 

CM 

■=r 

y 

CM 

«— 

1 

e— 

CO 

•=T 

Ov 

CO 

* — 

•=r 

VO 

O'* 

C— 

•=r 

in 

■=r 

O 

■=T 

CM 

t- 

oo 

^T 

O 

in 

O 

^r 

• 

• 

• 

• 

• 

• 

o 

T— 

CM 

CM 

-=r 

•=r 

av 

Ov 

Ov 

Ov 

o> 

O'* 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

C— <M  Ovt'— CM 

vo*-cmvoovco 

t-- 

CO 

CM 

av 

i  * 

O  1 

* — 

*-*-*-  CM 

CM 

1  j 

C  1 

00 

t— O  CM 

*-co-=r  cococoin 

1  1 

DD  1 

V — 

*—  * —  CM  *- 

ot~oomo> 

av=r  ^r-emn 

co 

« — 

«=r 

CO 

1  1 

1 

«-  i  i  i 

*-*-*-  1  1  CM 

1 

« — 

I 

1  1 

O  I 

vO  COCM 

coovcoco*-ino 

1 

1  VO  1 

1  1 

T - 

i— 

*-  *“CM  1  1  CM 

1  CO  1 

O  1 

1 

1  1  1 

av^r  in  coco 

VO  o>  C — vO  CM  in 

o 

VO 

CO 

CO 

1  vo  1 

1 

inoooooc^ 

ocMincoc^co 

' — 

o 

in 

CO 

f  1 

1 

^r 

Ov^-OO 

CMVO  CO=T  C-VOCTN 

vo  in  *—  o-zx 

vo«=r-=r  cmoo 

CO 

in 

■=T 

o 

1  1 

to  1 

r~ 

-=r^ro>CMincM^r 

intn*— *— vo 

*-*-VOVOr-0 

in 

ov 

CO 

■=r 

1  <M  1 

jQ  1 

CM 

coinvo 

OVCM  CM  T—  CM 

■ 

• 

• 

• 

1  CM  1 

O  1 

O 

OvCOt— 

-=TCO  »-^-VOOr- 

*—  OOvcOvO 

-=r  co*-ooco 

in 

CM 

o 

CM 

1  O  1 

1 

• 

•  •  • 

•  •••••• 

t—  t^-vovovo 

vovovovoinin 

in 

in 

in 

-=r 

1  *—  1 

ce  i 

vO 

COOr- 

■=r  inc— coo'OCM 

r—  T—  T—  *—  r— 

* — » —  * —  * —  * — « — 

T— 

* — 

« — 

, — 

i  *—  i 

i 

in 

invovo 

vovovovovo  r~~t— 

CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM 

CM 

CM 

CM 

CM 

t  i 

t 

CM 

CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM 

i  i 

i  i  i 

i 

» 

CM 

CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM 

•=r  voco  cvi  in 
coco 


cm  in  t^ov*- 

*-  I  *-CM 


C^-cnj  t^-vOCO 
incM-=r  oc\j 
inov=rov*- 
mooov=r  ir» 
•  •  •  •  • 
mcocn=r.=r 
o^ovovo^ov 

C\J  CM  (M  C\J  CM 
CM  CM  CM  CM  CM 


cocoin-=Tvo 

vo  co3- o  vo  vo  in  o 

*-  *-  CM  *- 

CM-=T  CO 

ON 

■=r 

cm  o  in  cm  in 

roro*— ov*— c^-cm  O 

t— -=r  cm 

iT 

00 

1  1 

1  II  CM  1  CM 

CM 

CO 

t—  COavvO  CM 

uvr  *-oo  t--vo  in-=r^r 

OaOOv 

o 

co  cm*- in  o 

in  coovco  av  *- co*- *— 

CO 

ON 

C*- 

COf-OvCOCO 

-=r  *—  envo  o  O  vo  *—  o> 

ovvoco 

■=r 

CM 

t-OCMinao 

coinoo  ov  co=r  c^-co  *— 

ininov 

CO 

in 

cocMf-avoo 

VO-IJ-  CO*—  *— CT'COvOvO 

co*-o 

CO 

CO 

t-t-b-vovo 

vovovovovo  in  in  in  in 

in  in  in 

■=r 

t—  r*  *—  r*  *— 

?—  »—  r*  r*  *—  *~  r*  r“  r- 

r—  »—  e— 

w— 

CM  CM  CM  CM  CM 

CMCMCMCMCMCMCMCMCM 

CM  CM  CM 

CM 

CM 

t^oo  a\  o  *-  cm  co=r  invo  e-co  ov  o  *-  cm  co=r  tnvo  t-co  <y*  o 
C^-00 0O0O 0000 OOOOCO 00 00  aNONONC^cys  onon  OnOn  o 


I  O  I 
I  C  I 
(MIDI 
i-  I  I 
—  I  O  | 
*“111 
*-  I  O  I 
I  I 
I  I 
I  CD  I 
i  n  i 
i  O  i 
i  i 
I  Qu  | 
I  I 
I  I 
I 
I 
* 
I 
I 
I 


m=r  in  enroll  co  =t  cocococo 


i 


O  LTV=T  CM  CM  vO  CM 

I  I  I 


0*0  CM  COCO  CM  O0 

ov^vo-rr  o-=r  m 
inovoo>voo<M 
cm  inov*— -=r  c— o'* 
•  •••••• 

«=r<MOONt^-inm 
■=y-=r.=r  co  rococo 
CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM  CM  CM 


COCM  COCM  *— 

*-111 

I 

inoc-oo 
inoscovo  •— 
o\-=x  t^-cot^- 
CM-ST  invoc*- 
•  •  •  •  • 
OCOvD^-CM 
COCM  CM  CM  CM 
CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 


I 

I  -D 
I 
I 


CM-=r  VO  00  O  CM^vOOO  O  CM-=T  vo  CO  O  CM 
*-*—«—*—*— CMCMCMCMCM  COCO 


247 


•VvS 

vW 


m. 

•■A' 

:-w. 


"-■•tv 
• .  - . « 


,  .r 
V 
.V 


:v>- 


V-  «, 

;V  i 

*/v*  < 


*;  i* 


V.-v 

f^i 


'n'V 

<■>.> 

v , 


.■f. 

v.' 

V.' 


1  vo 

\ 

CD  1 

vO  CM  f- 

1 

1 

JO  1 

t— cm  av 

1 

I 

O  1 

•3*  CM  VO 

|  « — 

1 

1 

•  ■  • 

I  « — 

1 

CC  1 

Of-  CM 

i  CM 

1 

1 

=T 

1  CM 

1 

s 

CM  CM  CM 

1  O 

1 

1 

1 

\ 

CM  CM  CM 

1  1 

1 

1 

O  1 

C  1 

CM  00  vO  CO 

00 

CM 

co=r=rco 

CMinvOvO 

T— 

COCO 

CO 

* 

n  i 

«— 

i — 

»— 

r— 

1  CM 

1 

i 

1  CM 

1 

O  1 

vovoinco 

CO 

CO 

cmco=t  o 

CO  CM  coo 

t- 

f-co 

r— 

1  CM 

1 

1  1 

1 

i 

Y  Y 

1 

1 

1  O 

1 

\ 

1 

1 

1 

O  1 

» 

f—  CO  CM  y 

voocoin 

m 

VO 

coco 

=r  tnf-vo 

VO 

COST 

■=r 

1 

1 

00  1 

in^r  e-in 

=T 

in 

t-(M«-in 

invococo 

00 

lOO 

vo 

1 

1 

JO  1 

cocMf— av 

00 

■=r 

OvOvC^-CM 

^ro^r  in 

O 

VOVO 

r- 

1 

1 

O  1 

t^avf-CM 

=r 

t- 

OvOvOvOv 

voinco»- 

c- 

f-00 

1 

1 

1 

•  •  •  • 

• 

• 

•  •  •  • 

•  •  •  • 

• 

•  • 

• 

1 

1 

CL,  1 

CM  f—  f—  O 

•=T 

vO 

Of- CM  CO 

vO  t — CO  0> 

o 

CM  CM 

^r 

1 

1 

1 

CO  COCOCO 

C- 

CO  COCO  oo 

00  CO 00 00 

Ov 

aver. 

on 

1 

1 

1 

CM  CM  CM  CM 

CM 

CM 

CM  CM  CM  CM 

CM  CM  CM  CM 

CM 

CM  CM 

CM 

1 

1 

1 

CM  CM  CM  CM 

CM 

CM 

CM  CM  CM  CM 

CM  CM  CM  CM 

CM 

CM  CM 

CM 

1 

■ 

1 

1 

1 

CM  00=3* 

VO  CM 

=r  o  coco^r  coco  cococo=r  mcocM 

-ovin 

t — On 

voin 

1  1 

1 

(Mr- 

f —  r— 

r — 

CM 

1  1 

O  1 

1  1 

C  1 

t-t*- 

f—  CM  f— 

oco 

•=r  cm  o  co=r  coav  cocm  cm  oovo  o  o 

av=rvo 

inav 

COCM 

1  1 

s>  1 

| 

1 

1  1  It-  1 

f-r-  1 

T— 

1 

1  1 

1 

l  l 

1  1 

O  1 

OvO 

1 

CM 

00  CM  C*- 

=r  f— 

oovo^rvoco=r  t— =r-=rcocr.^— =r »— 

r~-=r  cm 

Ov  CM 

O  CM 

1  1 

O  1 

cmo=t 

c^-in 

ccxo -=r  f- in  av  ov  o  vo  r- t-vo 

f-inoo 

OOv 

■=T  O 

1  vO  l 

c-~avoo 

oco 

(M  oo  CM  =T  coo  in  O'  avao  =T  00  O  O 

O  CM 

CM  ON 

1  CO  1 

1 

avav 

• — 

oooooo 

00  C— 

incOCMOflOvOCOO^f-t^TO 

vOf-vO 

vOO 

00  f- 

1  vo  1 

c n  i 

T—  f— 

■=r 

•  •  • 

■  • 

•  •  • 

•  f 

•  • 

1  1 

JO  t 

co=r 

OO 

oovo=r 

oco 

cm  oco  tneOf—  awo^r  cm  a>t- in 

c^-incM 

c-in 

one— 

1  1 

O  1 

COVO 

00 

f— » — 

T-O 

o  o  o  av  avav  avco  oooooo 

vovovo 

in  in 

-=r=r 

1  r-  I 

i 

#  • 

• 

CM  CM  CM 

CM  CM 

CM  CM  CM  f—  r—  r—  r-  » —  r-  f—  r—  r*  r-  f— 

T-t- V- 

f—  r— 

f—  r— 

1  O  1 

a:  i 

Of- 

CO 

CM  CM  CM 

CM  CM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CM  CM  CM 

CM  CM 

CM  CM 

1  CM  1 

=r-=r 

1  CM  1 

i 

CM  CM 

CM 

1  *—  1 

i 

CM  CM 

CM 

:=rvOOOOCM^vOCOOCM-=rvOOOOCM«=rvOCOOCM^rvOOOOCM-^*vOOOOCM^vOCO 

cococn=r.i3-.=r.3*.=rtnininininvovovovovot^t‘-f*'-e*-f-ooooaoeoooavovavavav 


CM  0O=r  UVO  C-CO 


CM  in  CM 
CM  <—  CO 


in-=rvocM  oo 

r-CM  *-  *- 

=rcMf-CM  t^- 
f-r-  |  CM  t- 
I  I 

t^=roo  cm 
t-inr-CM  oo 
oooav  -=r 

CM=3*vO  C*-  *— 

•  •  •  •  • 

vo  in=r  no  cm 
cocococo  co 

CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 


cm  co=r  in  vo  t^-co 


y>A 


./.J 

Q 

*  *  i  *  k  ' 

AV-V* 


-I 


>;•.  -r%  r, 

_ J 


j  •  .v  *  1 

*Z'i 


i i 


V.V.V 
*  *  '/  v 
;  •.  n  . 


A'.  -  »’■ 


V 


*vs> 

>\A 

:;y 

Sjg 


■•  k.  VA'.V  A  A’tVAA  A  AAA. 


o'  o  i-  oj  m=r  mvo  c-co  O'  o  *-  cm  m=r  mvo  t-co  O'  o  *-  oj  m=r  mvo  c*~co  O'  o *-  cm  m^r  mvo  e-co  O'  o «-  oj  m=r  mvo  t—oo 
,_ ,—  r~  ,—  ,—  oj  oj  oj  oj  oj  oi  oi  cvj  cvj  cm  m  m  mm  mm  mm  movr  -=r  -=r  -=r  ^  -=r  rr  m  m  m  in  m  m  in  in  in 


m 

mco 

o^r 

o> 

«-m=y 

C^OJ 

com 

VO 

r~ 

•—  r- 

r- 

OJ 

«— 

, _ , _ 

OJ^TOJ 

mco 

OJOJ 

OJ 

OJ 

T“ 

1 

i 

r-  |  m 

OJ  1 

i 

oo 

O' 

vo  on 

v£5 

voom 

e—m 

r-OV 

VO 

-=T 

oj 

coo 

m 

mcoo 

vO  »— 

C— ^T 

m 

m 

OJO 

mo 

-=T 

«-mm 

t— t— 

oj 

t-- 

m 

mo 

mo 

ON 

ooco*=r 

CM  CO 

ovo 

00 

• 

«  • 

•  • 

• 

•  •  • 

•  • 

•  • 

• 

m 

00  Ov 

o 

OJ 

^r-=r  m 

c-t*— 

avov 

» — 

-=T 

mm 

m 

mmm 

mm 

mm 

VO 

OJ 

OJOJ 

OJOJ 

OJ 

OJOJOJ 

OJOJ 

OJOJ 

OJ 

OJ 

00  CM 

rooo 

00 

OJOJOJ 

OJOJ 

OJOJ 

OJ 

vO 

COOJ^T 

av 

vO 

tfUAPOCTiO^ 

O 

mmav 

vO 

m 

r- 

O  *—  l— 

t— 

com  i 

i 

1 

e^-crv 

vO 

oo 

Of- 

a> 

•— 

■=r  m 

vO 

t- 

^r 

CM 

T- 

77 

T— 

i 

oo»- 
1  1 

1 

oo  ^r 

m 

VO 

*-ON 

men 

oo 

t- 

*— 

COCO 

■=T 

OvOI 

CO 

m 

vO 

com 

OJ 

■=TO 

m 

o 

-=r 

COCO 

« — 

•  • 

• 

• 

• 

•  • 

• 

m=r 

vO 

CO 

o> 

Or- 

OJ 

vovo 

vO 

vO 

vO 

t— c- 

c— 

OJOJ 

00 

OJ 

OJ 

OJOJ 

OJ 

OJOJ 

OJ 

OJ 

OJ 

coco 

OJ 

ov 

OJt- 

mr- 

mvomoeyve—m 

Ojr- 

o 

ovm 

oj«=t 

m»~ 

oave--oo^r 

r— 

OJ 

1  CM 

On  C'-CO  *- 
c —  C — O'  0- 
O'  comm 
t--  o»— c\i 

OONOO 

OJ  OJf-  t- 

oj  cvj  oj  cvj 

OJ  OJOJOJ 


y— co=roo  0-0  C\J 
OJOvJ  *- 

00  COvO  O'VO  crxo 
—  f-  I  «-  I  I 
I 

T-ON^KOtnO 

-=r  m*--=r  t^-o-o 
a>o  *-  »-  oovco 
t— mojo'voojo* 
•  ••♦••• 
vO  C — COCO  O' O  O 

OJ  OJOJOJ  OJOJOJ 
OJ  OJ  OJ  OJ  OJ  OJ  00 


CT\OJ  LfMO 

ovmooovg* 

VOOCVJ-3-VO 

ooooo 
•  •  «  •  • 
O-NvOlfOT 

ooooo 

00  OJ  OJOJOJ 
OJ  00  OJOJOJ 


CO  O'  O  O'  t—  f-  OJ 
t-r-o^rorom 
o  mmvo  t-e— vo 
vo  m-=r  on  oj  »—  o 

CO  C — VO  LTV=T  mcvj 
CO 00 00 00 00 CO  CO 

CO  OJ  OJ  OJ  00  oj  OJ 


O'  t—  -=T  Of- 


vo  m  co  me— 

OJ  *-  I  I 


m  m  o*-0' 

f-  o  onoNO 

m  -=*■  r-ojm 

ov  oj  «-f-cn 

•  •  •  •  • 

-=r  vo  coco  O' 

m  m  mmm 

OJ  0J  OJOJOJ 

OJ  OJ  OJOJOJ 


mc-mo 

ro  — 

co-=r  mm 

f-OJOJ  i 

i 

ont-cot- 

0-=T-=T  CO 

onoooco 
mf-o-oj 
•  •  •  • 
o »—  *—  OJ 
VOVOVOVO 
OJ  OJOJOJ 
OJ  OJOJOJ 


„V.V 

fefiS 

v;v„  / 

W  v 

V  --  V 

yM-> 

,v,v> 
>v  •- 


Vv.* 


::v:^ 

.  -,4 

*%"  v" 

,*■?£» 


vO-^OvOJ 
»-  I 


ooirvoof- 

avvoe-i- 

*-oo^o 

m^-voco 

OONOO 

enmojoj 

OJ  OJOJOJ 
00  OJOJOJ 


mvo  o 


avm  vo 
o-=r  f- 
voco  *- 
(n?  f- 


m*=r  oj 
oj  oj  oj 

OJOJ  OJ 
OJ  OJ  OJ 


e— *--3-  oj 
c— 1 vo*-  m 
oj*-o  m 
o*-oj  cn 


OOvaO  vO 
OJ«-«-  «- 

OJOJOJ  OJ 
OJOJOJ  OJ 


■=r  m 

t- 

mmmmmav  m 

m 

m 

ONCO 

OOJ 

m 

m 

mco  mooj-=r  m 

m 

m=r 

r- 

i 

OJr-  |  *—  |  OJ  1 

I  1 

OJ 

i 

i 

OJ  «— 

1 

vom 

sojirmt-sm 

m 

t— 

COf- 

mco 

vO 

OOJ 

m 

OVf-^fl-OOf- 

t- 

m 

cOf- 

mm 

O' 

ao  *— 

vO 

COOOCTvCOt^=T 

c- 

O' 

mo 

^rm 

m 

vDN 

t- 

t— co  c— t— t— c— t— 

VO 

m 

mm 

t-O 

co 

OOv 

t— 

m-=r  mco  r-oov 

c- 

m 

»—  o 

cot— 

^T 

r-O 

o 

0000000 

a> 

O' 

O' ON 

coco 

00 

OJOJ 

OJ 

OJOIOJOOOJOJf— 

w — 

T— 

r-  »“ 

T— 

coco 

CO 

OJ  OJ  CM  OJ  OJ  OJ  OJ 

(M 

OJ 

OJOJ 

OJOJ 

OJ 

o  ^  oj  ow  mvo  O' o  oj  rn^  mvo  t-oo  av  o  oj  rn=r  mvo  e^-co  CT' o oj  orvr  mv£>  f-oo  av  o oj  cn=r  mvo  e-co 

oo  oo  oj  oj  oj  oj  oo  oj  oj  ro  monmmm men mmm=r  sr  -=r  -a*  -=r  -=r  ^  m  m  m  m  m  m  m  m  m 


r  *i 


’n'-v.n'.vi-.'.vi.v; 


rTTTTTT 

f: 


.'■rr; 


7'J  ’  V>.V  VJ'.'.'-TA.’) 7 


■’V.V.  A- 


I 


K- 


P 


V 

IV 


cT'Ot-oj  m=r  invo  c— co  co  o «—  cm  m=r  invn  r-co  C7v  o .-  oj  m=r  invxD  C'-go  O' 
LOVO  VOVOVOvOvOvOvOlOvO  C — C — C —  t —  C —  C" —  C — t*— C“*-coco  coco  coco  coco  oooo 


co 

t*- 


VO 

1  vO 

i  ont—  t—  on*o 

00 

1 

<n 

i  in.-  mono*- 

vO 

1 

o 

1  C— CM  O'CM-ST 

O' 

|  Y - 

o 

I  ooo  ■=r(MO' 

• 

1  o 

1  •  •  •  •  • 

00 

1  -=r 

oc 

i  y—  cm  m=r-=r 

t-~ 

1  «=r 

|  =TZT 

00 

l  o 

1  00  00  00  CM  CM 

00 

4 

1  1 

1  CM  CM  CM  CM  CM 

1 

oOvO  t — 

c- 

on  oo 

1 

o 

c 

1 

I  oo  m=r-=r  co 

Y — 

|  « — 

l  -=r 

i 

*--=r  t- 

Y — 

CM  0- 

1  ^ 

o 

I  o  o  cm  on.— 

.-  i  i 

r 

i  «- 

1  O 

1 

4 

O 

4  CM  4  4  1 

1  1 

com=r 

CM 

O'  co 

1 

i  in  vo.— .— c- 

c\j  oot- 

in 

in  o 

1 

<r> 

4  O  CM  «— 

vO-=r  00 

oo 

co  on 

l 

.o 

1  O'  rOOvOCM 

crvoot^- 

on 

m  o 

1 

o 

i  vo  oo-^-inN- 

•  •  • 

• 

•  • 

1 

1  •  •  »  •  • 

OOVOO 

in 

0O  vO 

1 

CL 

1  00  O  O'CO  0- 

ooc^e- 

VO  VO 

1 

1  OO  nnCvJCMCM 

▼—  T—  T- 

V - 

r—  y— 

4 

1  CM  00000000 

00  00  00 

00 

00  CM 

1 

1 

1 

1  CM  CM  Ovl  CM  CM 

1 

1 

m 

cn  m 

4 

1 

1 

o 

c 

\ 

1 

i  t^-inY-vo-=r  a-NonoN 

1 

r> 

I  Y-  CM  t— 

VO 

.-  vo 

4 

o 

\  co^r  t^-Y-incM^r  min 

T 

1 

1  vO 

1 

o 

i  i  —  co—  i^-ii 

i  i  ii 

i  on 

i 

on 

m  -=r 

1  vO 

i  ininco  c-incT'Y— o 

CM 

vo  on 

4 

CO 

i  vo^ovTcosmino 

co 

1 

n 

i  cno'.srcoooincoooo 

-=r 

ov  in 

|  Y - 

o 

|  -3- r- OMO-iT  oovocn 

• 

•  • 

1  o 

. . 

vO 

o  *- 

i  on 

cc 

i  »-  cm  cm  cn=r  in  invoc*- 

C- 

oo  ao 

i  on 

i  in  in  in  in  in  in  in  in  in 

CM 

CM  00 

1  o 

1  00  00  00  CM  00  00  00  CM  CM 

CM 

CM  CM 

i 

i  I 

1  CM  OO  CM  CM  CM  CM  00  00  CM 

1 

c*—  on 

irv=rvovo  ir\oo 

OOvOC- 

O't'-T-oc^mcM  in 

inoo 

OO'O't— 

i 

o 

c 

I 

1  O  O'y- 

.-.-•-00 

CM 

.-  CM  *— 

i  « — 

HD 

1  oo 

4  cn 

1 

o  m 

COMOOi-*- 

O  — O' 

oo  vo  vo  oo  t—  men  in 

O  00 

00  OOvO 

i  cn 

o 

i  m  in  on 

*—  * 

(1  *-  y- 

1 

*-  1  1 

CM.-  1  1 

\  i 

1 

CM 

1  o 

i 

1 

o 

1  00  1  .- 

1  1 

O' 

m=r  cr'O^rvo 

CMO't- 

moo.-  .-coo'*-  on 

int^~ 

minoov 

i 

i  vxd  in.— 

00  f- 

osvooon 

co  cm  m 

onovo  CM  O  C“— vOco 

O  CM 

vO  00  O'VO 

i 

CO 

i  coin 

00  oo 

r-^cnmm^ 

ooinm 

vo  cr'vo  Mnmr- 

O00 

cot^vo  on 

i 

o 

|  CO  vo^r 

VO  oo 

«-ocot-u\=*- 

oaot- 

moo'voinco.-t— 

cn.- 

vDCM  *—  l*- 

i 

o 

i  int^ 

00  o 

co^-m-=r  onoj 

OCOt^ 

in-=r  CM  •-  O  O' OOVO 

-=3-  on 

O  O'COvO 

i 

CL 

i  in  moo 

00  oo 

C— vovo 

vovovovovo  in  in  in 

in  in 

in^r-=r^r 

i 

|  ZT  ^T-=T 

Y—  ^ 

r-  r-  r—  r”  y— 

r-  ^  i— 

«“  r-  y —  r—  r-  y—  r- 

r*  * — 

»-  r*~  y— ' 

i 

1  00  CM  CM 

CM  CM 

CM  CM  CM  CM  CM  CM 

CM  CM  CM 

CMCMCMCMCMCMCMCM 

CM  CM 

CM  00  00  CM 

i 

i 

I  00  0000 

1 

COO.- 

cm  onq*  invo  t*-oo  O' o cm  on=r  in  vo  t^oo  O' o  *- 

no  msr  invo  c-oo  O' 

i 

i 

*“D 

1 

\  m3-  invDt*-aoO'0^- 

in  vo  vo  vo  vo  vo  vo  vo  vo  vo  vo  e-- e*- 1*- c^“  t^*oo  oo  oo  co  oo  co  co  oo  oo  oo 

i 

i  •-  •- 

250 


v  :  /v.v.v  /  >;  av.  *  a" 


>  -*• 


cwt  invo  t--oo  co  o 


i n-=r 
in  on 


cooo.=r 


VO  OOf 

I  «-  I 


v'VV 


^1 

v.vjy, 


v./. 


n' ■ 


-v.^* 


lT'*« 


-V\< 

*  •  A  ^ 

v.v.v 

/  .»  -• 


A- 

LTJa 


-v..V 


*-  *N 


-•  *  .'  /. 


,  ■■  — *W .  •■■Aii«hiiWi 


**.  «. 


cm  on=r  invo  C'-coon  o*— cm  oo^r  invo  t*-co  ono  *- cm  on=r  invor-cooNo  *—  cm  on=r  invot--oooNO*—  cu  on=r  invot'-cooNO*- 
*-cmcm  cm  cm  cm  cm  cm  cm  cm  (\i  moo  men  on  mm  onoo  in  in  in  in  in  in  in  in  in  rnvovo 


ooirv=r 

voo*-o.=r  «- 

O 

in  on »- on 
CM  *- 

t-CM 

*-CM 

•=r 

00 

vein 

in 

ono 

VO 

c— -=r 
CM 

ovocm 

incrvoo  CM  <\J  o 

O 

C — VO 

On  CM 

O 

•=r\o 

on 

Ovvo 

C-- 

cm  on 

i  i 

1  1  *—  *—  *— 

1  t~  | 

CM 

1 

i  l 

1 

r—  t— 

1 

CM 

1 

ONCOOn 

ounaunonr- 

t- 

vOOnonvO 

t-vO 

on 

___ 

in  on 

t-- 

*—  CM 

on 

t— CM 

vo  coco 

vooomoMnin 

o 

t-m=rvo 

OOvO 

o 

o 

cm  in 

o> 

■=TvO 

vo 

vo  in 

C--COOO 

VO  CM  ONvO  CM 

0- 

povoooon 

OO 

oo 

CM 

moo 

in 

vo  in 

ON 

onoo 

moN 

*~co  in*— co  m 

•=T 

t-cocun 

0O-=T 

in 

-=r 

o  in 

vo 

vO*- 

in 

^rco 

•  •  • 

• 

•  •  •  • 

•  • 

• 

• 

•  • 

■ 

•  • 

• 

•  • 

vOC^-S 

OC^Ot-i-(M 

-=r 

rnvovot- 

00  On 

o 

on 

in  in 

c- 

CO  ON 

o 

CM  CM 

j=r^r.=r 

in  in  in  in 

in 

in  in  in  in 

in  in 

VO 

vO 

vO  vo 

vO 

vovo 

t- 

t— t*— 

cmcmcm 

CM  CM  CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM  CM 

CM 

CM 

CM  CM 

CM 

CM  CM 

CM 

CM  CM 

CM  <\l  Cvi 

CM  CM  CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM  CM 

CM 

CM 

CM  CM 

CM 

CM  CM 

CM 

CM  CM 

on  on  on 

»-vo^  cmvo  mensmenoninroo  o»"v=r 

*-  CM  *- 

t- 

CM 

-=r  me— 

minm-=rm 

in 

*=rvo  ono*=r  onooo  c^-cm 

r*  r* 

mo*- 

in  in  cm  *— ooo *—co*— cu»— .=?■*— t—eMO 

in 

OC—CM 

cm  vein  cm  on 

vO 

*— voooxo-^r  t-  in  O' on*— 

CM 

• 

*—  1  1  1  CM  1  I  *- 

I 

CM 

i  i  i  i 

1 

II  II  *-  1  CM 

CM  vO  CM 

vor-  moo  oo  vo  cm  oo  on  *-on  on  on=r  t—  t*- 

on 

co  o  on 

^rco«-  c\jcr> 

OO 

^  c\j  o  in  t—  t—  c\j  oo 

r-- 

mov  o 

cm  t- in  c-vo  in  t- in-=r  vo -=r  vo -=r  onco 

oncM-^r 

in-=r  ctnoo*- 

t*- 

in  in «—  on  mcM  t —  cm  irv^ 

o 

t-*-vO 

cm  3-  vo  t'-oo  co  co  t-  in  rno  c-  roa'^r  co 

vO 

r -oo=r 

mr-ovt^ 

in 

inovoninoo  o *-  cm  cm  cm 

o 

OOO*- 

■=r  invo  c^-oocrvot- cm  cn=r^r  in  invovo 

C-- 

co  cooo 

coaocot-t*- 

vo 

irv=r-=r  oncM  cm  r-  oonco 

vO 

vovo  in 

on  cm  *—  o  on  co  co  t — vo  trv=r  on  cm  ^ooi 

in=r  on 

OONOO  t*-vO 

on 

«-  o  onoo  c^vo  in-=r  cm  *- 

O' 

CM  CM  CM 

CM  CM  CM  CM  » —  *—  r—  *—  *—  * —  r—  *—  * —  *—  O 

o 

ooo 

O  ON  On  ON  On 

O' 

on  onco  oo  oo  oo  oo  co  co  oo 

t"- 

CM  CM  CM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CM 

CM  CM  CM 

CM  *—  r—  f— 

« — 

▼—  r“  t“~  t—  *—  t~~~  r~~  r—  T— 

' — 

CM  CM  CM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CM 

CM  CM  CM 

CM  CM  CO  CM  CM 

CM 

CMCMCMCMCMCMCMCMCMCM 

CM 

OO 

■=rvoomo 

in 

vo  in 

inonco 

inoo  ont — moo  oovo  ^  co 

-=r  o  oninoo-=roo 

CO 

CM  ON  CM 

CM  *— 

T— 

r-  CM 

*— 

on 

VOC'-OCO 

o 

^TVO 

CMOOt- 

cm  on  «— vo  mcnoot-oco 

ooo*- cm  on  in  in 

on 

on 

on  cm  on 

in 

1  r~  1 

»— 

CM 

1 

r-CM 

1  CM  r-  | 

i  i  I  *-*- 
i  i 

1  *-  1 

1 

in  CM  CM  OO 

ON 

in 

in  on 

CM  *— CO 

on*-  *-oo  c — cm  c^-oooo  o 

moo^r  onvo^- 

on 

0- 

o  ono 

vO 

o 

moo  co  cm 

r— 

vO  *— 

t—on*- 

O' on  in  vo  t^vovocM*-in 

(Mono  Lno-on=r 

o 

o 

t — CO  ON 

O' 

on 

CMOOOvO 

ON 

o 

•=r  c-- 

ONOO 

in  onovo  cm  t — cmvo  on 

voc^-t— t-vomon 

CO 

o 

on  ono 

« — 

o 

T-ao^r 

■=T 

oo 

onoN 

t— 0O-=r 

in*— C'-onco^r  ONino  in 

*— vO  *— vO  *— vo  *— 

o 

o 

co  ont-- 

vO 

00 

do*- CM 

on 

ON  ONO 

t-  cm  cm  cnmzT^r  in  vovo 

00  OO  On  ONO  Or- 

CM 

on 

on^r^r 

in 

in 

vOvOvOvO 

vo 

VO 

VOVO 

VOVO 

C*—  l*—  t—  t"-  C"*»  t"—  t"— c^- 

o—  t-—  C — CO  CO  CO 

oo 

oo 

coco  co 

co 

CM 

CM  CM  CM  CM 

CM 

CM 

CM  CM 

CM  CM  CM 

CMCMCMCMCMCMCMCMCMCM 

CM  CM  CM  CM  CM  CM  CM 

CM 

CM 

CM  CM  CM 

CM 

CM 

CM  CM  CM  CM 

CM 

CM 

CM  CM 

CM  CM  CM 

CMCMCMCMCMCMCMCMCMCM 

CM  CM  CM  CM  CM  CM  CM 

CM 

CM 

CM  CM  CM 

CM 

o 

on  in  vo-=r  on=r  cm^t 

on=r 

■=r  t'-t'-on 

co onovo 

^rvoon=r 

■=r  ononoN*=r  r-vo  inonov=r  on 

m  cm  on=r 

f—  *— 

ON 

o-=t  incMCMoo*-^r 

CM  CM 

O  ONOvO 

vOCMOt-O 

onONin*- 

*-  cm  on=r  •-*-*-  cm  cvj  oo=r  on 

onvo^-CM 

i  i  i 

1  1 

T  T 

I  i  i 

1  *-  1  CM  1  »- 

1 

i 

on 

vo 

in 

mo  ONVOOO  ON  CM  CM 
t- invo  on=r  co  on  on 
oninvo  c^- 1— vo  in-=r 
cm  m=r  mvo  t— co  on 

•=r  o 
ono 

ONVO 

o*- 

CM  t- ONVO 
vovo  oo  VO 
f-CMVOO 
cm  onon=r 

■=rvO  CM  onoN 
vOONU\=t  On 
vOCOO*-*— 
in  in  in 

oot^^on 

*-o*-oo 

•-ocoin 

inirv=r-=r 

*-  CM  CO  CM  CM-^T  ONOO  OO^- 

oo  oo  O'  c—ON  t-  in  on  •-  tn 
ONino  in  on  ono  on  »— cm -=r-=r 
on  on  on  cm  *—  *-  o  O'Onco  t^vo 

vovo  On  On 
vo  cm  in  CM 
mcMOco 
^roncMO 

oo 

on 

CM 

CM 

^  mCM  *—  o  onoo  c— 
onmonononcM  cm  cm 

CM  CM  CM  CM  CM  CM  CM  CM 
CM  CM  CM  CM  <M  CM  CM  CM 

vein 
CM  CM 
CM  CM 
CM  CM 

2223. 

2222. 

2221 

2220. 

co  c^o  in-=r 

CM  CM  CM  CM  CM 
CM  CM  CM  CM  CM 

2212. 

2211. 

2210. 

2209. 

t'-vo  in-=r  on  cm  f-  onoo  t-vo  in 
o  o  o  o  o  o  o  On  On  ON  On  On 
CMCMCMCMCMCMCM*-*-*-*-*- 
CMCMCMCMCMCMCMCMCMCMCMCM 

oncM*-o 

On  On  ON  ON 

CM  CM  CM  CM 

cm  on=r  tnvo  c^-co  on  o  «-  c\j  m^r  invo  c— oo  ono*— cm  m=r  iavo  t-oo  ono *—  c\j  on=r  invo  t-co  ono —  cm  m^r  mvo  c^-oo  ono  *— 
«— *-*-*-*-*-*— *— CMCMCMCMCMCMCMCMCMCMonmmmonooonpnonon=r.3'.=T-sr.^-.^.=r.^.=r-=r  ininininininininininvovo 


251 


C\J  m=T  LPivO  0-00  CO  O  *—  OJ  LOvO  t>— CO  COO  *-  C\l  m^  invO  C—COCOO  *-  OJ  m=T  LTi'sO  t—CO 

VOvOvOvOvOvOvOvO  t— C**-C'-C,^C*-C,‘-t-“C,'>-C'-C'“-COCOCOaOCOOOOOCOOOCOCy'0,vO>0\COCOCOO,vO,v 


^r 

com 

00 

■=T 

inmvo-=r 

in 

O' 

r~ 

,— 

o 

crvvo 

1  1 

in 

i 

1 

co  cm  oo  m 

i  i 

OJ 

Ot- 

1 

C^ 

1 

vO 

avo- 

o 

in 

mov  cm  o 

m 

in-^ 

o- 

o 

CM  CM 

vO 

•=r 

(MCOOVN 

CTv 

-TOO 

in 

«— 

=T-=T 

CM 

•=3-4r  moo 

in 

com 

Ov 

VO 

00  CM 

in 

OJ 

co  *—■=?■ 

in 

ooo 

CM 

• 

•  • 

• 

• 

•  •  •  • 

• 

•  • 

• 

-3“ 

invo 

a> 

r— 

*—  CM  CM  0J 

m 

zr=r 

in 

0- 

C*~ 

OO 

00 CO  COCO 

oo 

oO  oo 

00 

CM 

CM  CM 

CM 

CM 

CM  OJ  CM  CM 

CM 

CM  CM 

CM 

CM 

CM  OJ 

CM 

CM 

CM  0J  CM  CM 

CM 

OJ  CM 

CM 

-=rvo  in 

v04T  vovo  *—  o  mr*» 

CM 

in 

m  =T 

O 

r—  t—  CM 

w-  *- 

*— 

CM 

vom  cm 

cm  44  av  mvo  *-  co  m 

o 

in  o 

in 

m 

1  1 

|  1  1  *—  *—  CM 

1 

T 

CM 

i 

i 

OJ 

1 

moo  vo 

*-  cm  zr  mcMn 

CM 

CO 

in  o 

vO 

o 

4  0^  *- 

ocMoooovoinm 

VO 

»— 

m  cm 

CM 

CM  CO  O 

mvoo>«-  cm 

CM 

a> 

m  in 

m 

co 

CM  O  CO 

m  *- cT'Oo  vo -=r  cm  o 

vO 

*— 

C-- 

CM 

vO 

•  •  • 

• 

• 

•  • 

• 

• 

vo  in  cm 

OVOOVO  UVT  mCM  T- 

00 

vO 

m  oo 

vo 

m 

vOvOvOvOvOvOvOvO 

in 

in 

in  *=r 

•=3* 

4T 

f  f  ™  • 

r*  r*  «—  <r—  ¥—  *—  r"  «— 

*—  t— 

T— 

CM  CM  CM 

CM  CM  CM  CM  OJ  CM  CM  CM 

CM 

CM 

CM  CM 

CM 

CM 

0- 

oo  mcrv 

CMOm=r 

co  cm  m=r 

mo 

UVTVO 

Ov 

m 

vO 

O 

CM  CM 

«“ 

T— 

CM  CM 

OJ 

vO 

c^-*-  m 

m=r  m*— 

T- OJ  CM  CM 

T—  *~ 

ITUT  m 

Ov 

,- 

CM 

1  CM 

1 

OJ 

CM  t- 

T— 

*-  1  OJ 

1 

I 

C^- 

oos 

CM  in*=T  vO 

CM  C^-  C — CJv 

min 

-=r  ctvco 

■=T 

oo 

-=r 

VO 

CMmmo 

=T=T<J\=T 

*—  o 

oo  t-in 

=r 

T— 

m 

VO 

■=r 

^=r^r  cm 

ooi n*-t- 

VO  o  mwD 

o*- 

oovo^r 

OJ 

ON 

in 

■=r 

CMvOO 

c-*-inco 

in  cocm  in 

cMin 

voovcm 

C*- 

in 

co 

vo 

• 

•  •  • 

•  •  ■  • 

»  •  •  • 

•  • 

•  •  • 

• 

• 

• 

• 

vO 

C--C--CO 

OOCvOvOv 

oo  *—  »— 

CM  CM 

mcrvT 

in 

in 

vO 

00 

OOOOCO 

oo  CO  COCO 

OvOvOvOv 

avav 

ovo^crv 

Ov 

CT> 

co 

CO 

CM 

CM  CM  CM 

OJ  CM  CM  CM 

CM  CM  CM  CM 

CM  CM 

CM  CM  CM 

CM 

CM 

CM 

OJ 

CM 

CM  CM  CM 

0J  CM  CM  CM 

CM  OJ  CM  CM 

CM  0J 

CM  OJ  CM 

OJ 

OJ 

OJ 

OJ 

mr—co  m=r  e^-vo  m=r  Lnounrr^  ininoomoj  irv=r  mcovovovo  r-^-os  m 


CM  VO  m*-  ^  VO  o  CM  C\J  C*-  0-00  »-  CM 
It-  II  T-  |  OJ  II 

I  I 

*-o-oo-<o*-co*“Ooocom^-co 
mc*-com*-  c— ;=r  t^-mo-co-=r  t-co 
in*-  c— mooojvocooj-=r  int'-c*-e^- 
COOOvO  inmoj  ooo  C— in  CO*— O'*  t— 


4  00  CNJOOvO  *-  LTi 
i  on  ii<-  *- 
i  I 

in  oj  cm  moj  c^m*- 
c\j  cm  i nvo  io^t  in  vo 
vO  4r  CM  OVVO  CM  CO  m 
m,-  covo  cm  O'  t- 


^TOjojvomminvom«-CM  o> 
i  •-  i  «- 
i  i 

coco*- moo  o  voovvom=r  «- 
c-coo-moo^  cornmin  o- 
ojinco*-ovr  ininininm  co 
cmcovo-=t  *-oo  inojcovom  vo 


oo  r— vo  uvr  mcM  o  cooo  o-vo-=r  m 
0000000000000000  0- 0-0-0- 


*—  ooo  o-vo  in  moj 

0— t — vOVOvOvOvOvO 


ooo  c*-vo  inmoj  *-o>ooo-  -=r 
voininininininin^r^r^T  -=r 


CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

cm  cvva*  mvo  c^-oo  ov  o  *- cm  invo  C'^oo  ov  o  *“  cm  ova*  invo  t^-co  av  o cm  onsj”  invo  c^-co 
vo  VO  vO VO  VO  vO vO  vO  0- 0- 0-  C*-  l*- t—  O- 0-  0- 0-00 00 OO 00 00 00 00 00 OO  00  CO  Ov  ov  av  CO  CO  ON  CO  CO 


W'V1 


,*  V>* 
■  ■  V 


.-  V  V 

.-w 

.  v  \  * 

KK^ 

Ci-v' 

## 


► 

/•/./■- 

■'.■A-v 

•v-v- 

<\ 

•  •  .  *  . 

> _ J 

,  -  -  <  :  «■; 


*  ".Oi.ft.-S 

I.  .  -< 

•«  V  V 

yvA 


\VKJf! 

vSV' 

,  v  V  *1 
*  *  * 


,  \>  »  .> 
•:*:■ 

V">  v 

*  v  v  . 


y  «*.  .-i 

y  v-> 

.-'v  ■•_*■• 
--V* 


•:v^; 
v  V  V.* 

;->>s 

V.V. 

.•■/■A 


•V’V 

;Vv\- 

Vs\ 

V  V  I 

.*  v’  V 

•V"***-' 

i-  -411 

VVV'T 


.'• , 


TW-  .*■  AT 


I.  L1.  H 


•=T  UYO  ^-OOONO*— invo  t^00CT\O  T-<\jr03"  invo  t^OOCT'O  T-  CM  C"W  IT"0  f—00  O'  O  «—  CM  P^W 

r  uMncruf>uSuMCMriLT\ir»'*ovo'^vO'^vOvD'Ovovo  t1— t— ?■— t— t— cococococo 


I 


i 

V 


K* 


i 

V 


00  CO 

vO  C" 

in 

CO 

in  co  in  oot" 

00 

00  vO 

in 

vOWt- 

r— 

CM 

r— 

*“ 

a“  CM 

O  V£> 

t-  CM 

vO 

CM  CM  vo 

CM  QO 

CM 

■=r  t" 

vO 

oo 

a-  1 

1 

CM 

1 

i  > 

*“ 

1 

1 

1 

1 

CM  a— 

LOCO 

0\  sr 

t" 

o 

m*-  o 

40 

, _ 

C~cO 

CO 

t—vo  CM 

00*0 

ON  O 

in 

in 

sr  in  o 

coo 

y— 

ON  a- 

ON 

a—  ON  VO 

vOCO 

sr  cm 

on 

on 

t"in  o 

C — CM 

CM 

mt— 

VO 

rr  a— CO 

ov=r 

CM  a- 

C" 

in 

rob-  IT\ 

in  on 

ON 

LOOO 

t" 

covoco 

■ 

• 

■  a  • 

a  a 

• 

•  • 

• 

•  •  • 

c\i  co 

in  v£> 

C" 

co 

ONON  O 

a— 

CM 

coco 

-=r 

in  in  in 

t — c — 

C"  t" 

t" 

c- 

t"t"  OO 

CO  00 

00 

coco 

oo 

oooooo 

CM  CM 

CM  CM 

CM 

CM 

CM  CM  CM 

CM  CM 

CM 

CM  CM 

CM 

CM  CM  CM 

C\J  CM 

CM  CM 

CM 

CM 

CM  CM  CM 

CM  CM 

CM 

CM  CM 

CM 

(\lf\Jt\J 

OOOOOOa-in 

cot'"  sr^T 

c-ooin 

u'lOOiTi'Oa-^r 

ST 

vOONt"Cn 

vON 

«~COON  CMONO 

CM a- 

a — 

CM 

CM 

a — ■ 

a—  a —  CO 

POO  *—00  CM 

COUD  COCO 

ot~  in 

CM  CM  O^- CO  r- 

CO 

t—  t"-0OO> 

O  ON  on  CM  VO  OvOO 

|  f-CMr- 

l  I  i 

a-  1 

1 

1 

»—  CM  CM  1 

1 

CM 

7 

1 

a—  •—  a —  a—  v\l 

1  1  1 

CMoO-=rO"-o 

cOlTi  Ova- 

inc-co 

cocmstst  ovo 

CO 

CMCOOOVO 

vomcoc— po  -aco»- 

LO  a —  CM  OO  a— 

-=T  CTn  r—  ON 

CO  N-=T 

co  co  00  O  *— t" 

t" 

»-OOCM-=J- 

in-=r 

a—  ONOO  in  VO  ON 

vOCOC TnONO 

00  VO  CM  CO 

oino 

t"OCMiniOvO 

VO 

ST  a- 

ONVO 

coco  cm  moo  cost  in 

irMCMr\invo 

min  irvr 

a-copp 

r-^OO>C0t" 

in 

CO  CM  o  on 

in  co  cm  oco  in  co  ▼— 

t"vo  m^oo 

a-  o  oot^ 

in^-ro 

t—  OO'P—'Otf'l 

1  CO 

r-OO'P- 

co  cm  a-  on  t — vo  in 

^  ^  ^ 

OO  CTnOn 

ON  ON  ON 

On  ONOO  00  CO  00 

OO 

coco  t"C" 

t"t" 

t"t"VO  vovovo 

OJ  CM  CM  CM  CM 

CM  CM  a- a— 

i —  a—  a—  a —  »—  r- 

a — 

a—  a— 

a—  a— 

a—  r-  a—  a—  r-  a— 

CM  CM  CM  CM  CM 

CM  CM  CM  CM 

CM  CM  CM 

CM  f\J  CM  CM  <M  CM 

CM 

CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM 

rococo 

CO 

vo 

oo 

NVO 

VO 

COCO 

vO 

ST 

a— 

•“ 

■ST  a—  O 

CM 

in 

CM 

CM  a—  O  On  CM  On 

O 

in  cm 

O 

00 

t  1 

i 

1 

1  a—  |  a—  a— 

I  1 

a— 

""7 

T"~ 

CM 

co*=r  cm 

CM 

C" 

incocMa-^roo 

o 

a- CO 

o 

vO 

a- a- in 

CO 

o 

l" 

4-inoovOa- 

in 

coo 

o 

ON 

ocoin 

■=r 

CO 

vO 

oooovsin 

o> 

a— VO 

CO 

CO 

inoNsr 

00 

a— 

ST 

t"a— UOCOCMVO 

CO 

a- ST 

a— 

ON 

•  •  • 

• 

• 

• 

• 

•  • 

• 

• 

00  COST 

in 

t" 

co 

ONOOOa-a- 

CM 

COCO 

in 

vO 

t — C"t" 

t" 

t" 

t" 

t^-CO  COCO  COCO 

CO 

COCO 

oo 

00 

CM  CM  CM 

CM 

CM 

CM 

CM  CM  CM  CM  CVJ  CM 

CM 

CM  CM 

CM 

CM 

CM  CM  CM 

CM 

CM 

CM 

CM  CM  CM  CM  CM  CM 

CM 

CM  CM 

CM 

CM 

vO  CM  CO 
CM 

ST  CO 

CM 

vot"voint"CO 

ONt — CO  CM ON 

VO 

ON 

VO 

ST 

t"(M 

OO  N- 
CM 

t"(M  a— 

rot" 

r— 

\OvOvO  CM  a—  CM 

insrcoosTON 

a— 

vO  CM 

VO 

a— 

COON 

VO  CM 

1  CM  1 

1 

CM 

1 

7  7 

a-  1  CM  a— 

CM 

» 

1 

1  1 

CM 

1 

t"ONvO 

COVO 

ST 

CM  CMvO  COCO  C— 

cm  in  coco  cot" 

O 

CM  00 

o 

vOCO 

VO  00 

VOC^OO 

on  in 

zr 

cm  o  co  in  in  o 

vncococooo 

CO 

a--=r 

CO 

00 

a- CM 

vojt 

ON  (Msr 

c^-co 

t" 

■=r  cm  co  in  a- 1" 

VOOCOkOONa- 

CM 

CO  CM 

On 

vO 

CMvO 

cm  in 

OnOO 

oo 

o 

OO  On  ON  ONOO 

t"t"VOin-=Tsr 

CM 

OON 

VO 

a-~ 

t"in 

CM  O 

•  •  a 

a  a 

• 

a  a  a  a  a  a 

a  a  a  a  a  a 

a 

a  a 

a 

a 

a  a 

a  a 

t"C"VO 

^■ro 

o 

COt"insr  CO  CM 

ooNcoc^oin 

00 

a- ON 

t" 

CO 

ONOO 

voin 

ooo 

oo 

o 

On  On  On  On  On  On 

ONOO  oo  coco  oo 

co 

COt" 

t" 

t" 

vovo 

VOVO 

CM  CM  CM 

CM  CM 

CM 

a-  r*  a—  r-  r-  r" 

a—  r-  a—  ^  ^  »“ 

a^  a- 

a*“ 

r— 

a-  a— 

a— 

CM  CM  CM 

CM  CM 

CM 

CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM 

CM 

CM  CM 

CM 

CM 

CM  CM 

CM  CM 

a-  irivo  t--oo  on  o  *-  cm  cn^r  invo  f-co  O'  o c\j  ova- i n^o  t--co  O'  o «-  cm  r'"v=r  io^o  t~-oo  O'  o  <-  cm  r<w 
zrsr=r^r=ra-  ir'UMTiuMr>critf'Lr>ifiiri'0'0'0'0'0'^'0'0'0'0  t'-r^p-c^c—  c^-t~-t'-f-c--cocoooooco 


25^ 


o  1 

C  1 

coroo 

CNJ 

o 

OOOOO 

r-^TMOvomooa- 

on 

c-vo^r  lo 

on 

, _ 

■=T 

o  1 

*“■ 

OJ 

«—  *— 

*~  *— 

•— 

*- 

K 

cj  ! 

ONoom 

in 

VO 

ooons 

,-zroo  s-vo.=r  cm  on 

■=r 

UN  UN  CM  O'- 

oj 

o 

co 

1  1 
O  1 

1  1  r- 

1 

OJ 

i 

OJ 

1 

T  i 

*-  I  «- 

*-  1 

T— 

i 

* 

co 

1 

s-mvo 

■=r 

on 

liVTUJ 

in*-s 

«—  VOOJOOCM 

o 

on=r  unco 

UN 

vO 

CO 

on 

to  1 

VO  S-*- 

CO 

OJ 

vo  on  on 

^zTiT4-{vVrOi- 

VO 

vooo-=rvo 

OO 

OJ 

CJ 

vO 

o  i 

S-COON 

CO 

o 

zr  f-CTv 

OJOJCN 

•—  oco  vo  on 

UN 

un  on  onvo 

O 

m 

OJ 

..V\' 

O  r 

(\jCT>VO 

o 

oo 

onorn 

co-=r  Ovoojo-onoN 

O 

r-vocjt- 

OO 

oo 

on 

* ,  *v* 

<«-. 

cd  i 

ss- oo 

o 

OJ 

r^t^-cO 

ONO«- 

*-ojojmon 

UN 

VOVOC^-C^ 

CO 

ON 

•_  /  >.  < 

i — 

i 

in  in  in 

<o 

VO 

vOvOvO 

vOt-t — 

s-s-s-s-s 

C--C-C— C-- 

t- 

t- 

CO 

o 

\ 

CNJ  OJCNl 

OJ 

OJ 

OJOJ  CM 

CMCMCMOJCMOJOJOJ 

CM 

CM  OJOJ  CM 

CM 

CM 

CM 

* — 

i 

CNJ  OJOJ 

CNJ 

OJ 

cmcmoj 

OJ  OJ  CM  OJ  CM  CM  CM  CM 

CM 

CM  CM  CM  CNJ 

OJ 

CM 

OJ 

T— 

» 

o 

O  1 

•/ w* 

C  1 

-=yvooo 

cjsont-o  in 

vO 

inojoMninon 

*-  t^-o-=TONon=r  UN,=r  onvo 

1 

=>  1 

*— 

*-  OJ*- 

•-CM*- 

Vh 

cj  ! 

*—  inco  onvo  o 

0- 

co  on  in  cmvo  s-  on*- 

in  in  cm  on  in  cm 

*—  inonooo 

>/L\- 

*— 

1  1 

CNJ  | 

r>  |  r~  f— 

1 

r—  |  |  t— 

| 

*—  CM  *—  1 

*-  1 

1 

VV  N.‘ 

O  1 

1 

i  i 

1 

1 

*— 

1 

on*-  o- 

a>ma>(\]co  O 

vO 

ojON*~oj.=rinm*- 

onont—=r  onunvo-sj*  cm^t 

k  4 

o 

<n  i 

oonco 

on  o  mint-  m 

O 

MOCOOCT'OvDS 

*—  unco  vo  co  co 

•—On*— 

,  »  V- 

JO  1 

0-3-0' 

J--=r  oj  ot~-  <o 

O 

VO  co  o  CM  OJ  onoj  *— 

oco  uNCMco-=r  o-=r  avoj  un 

O  1 

ON*— OO 

oouns-ono  in 

O 

oj  on  invo  c^-co  on  o 

*—*— cm  onon^r  uvninvovo 

Ou  1 

OJOJ*- 

-=r  onoj  r-  *-  co 

vO 

-=r  on  cm  *-  o  cococo  s-vo  in<=r  onoj 

*-OONOOC^“ 

1 

in  in  in 

m 

on 

mmmmmoj  c\jc\jc\k\k\jc\j<\icvc\jc\j»- 

*— , — 

*  ■>.*  </ 

» 

OJCNJOO 

CM  OJOJ  OJOJ  OJ 

CM 

OJOJOJOJCMCMCJCMOJOJOJCMOJOJOJOJCMCMOJ 

1 

CNJ  CNJ  OJ 

CMOJOgCNJOJ  OJ 

CM 

OJOJCMCMOJOJCMOJCMOJOJOJCMCMCMOJOJOJOJ 

-  cm  on=r  unvo  s-co  on  o  *—  cm  m=r  unvo  s-co  aOr-cu  on=r  unvo  s-oo  on  o  *-  cm  on=r  unvo  s-oo  on  o  *—  cm  on 
*-*—*—*-*-*— r-*-*-,~CMOj<\JCMCMOjCMCMOJCM  mmmmmmmmmm^  -=r-=r.=r 


-3“ 

*-^- 

on 

CO 

3-mosvoirwo 

on 

ojco 

vo 

•— 

CMC'-t^f— =r  unvo 

1 

1  1 

1 

i  T 

on 

^  *- 

on 

vO*-OUN  UN  CM  on 

o 

coon 

CO 

ON 

uN^roNON^r  ont^ 

o 

ont^ 

vo 

vo 

■=r  oj  onvo  onON>=r 

ON 

VOCO 

ON 

on 

c^ONOOjsrmt^- 

CNJ 

OON 

in 

CM*-*-OONOOC^ 

UN 

UV3- 

^r 

jg-  ononon 

CM 

OJOJ 

CM 

OJ 

CM  CNJ  CM  CM  CNJ  CM  CM 

CM 

OJOJ 

OJ 

OJ 

CM  CM  CM  CM  CM  OJ  CM 

(y^=r  o  in*-  *- 


t^vo  m=r  unoco^os-cocmoj 


S-  in  onvo  l/VT  CM  C\J  f—  *- S-  f-  ON  On  S-  CNJ  00  -=T  COCOO 

uncm-=t  ct\o>st- roo  o-ococo  svo  in-^  so  mss*  s 
one — o  cj-^  vo  c — c — s-c — in  on  »—co  in»-vo(\ivoocn 
o*— m=r  invos-cooNO^cjmcn^inuNvovoss 


oj  o  on  in  -=r  cm  *— *— o  onco  s-  vo  un-=r  moj  *—  o  onooco  s-vo  un-=t  moo *—  o  onco  s- 

in  irv=r  zr  -=r  .sr-sT^^mmon  monmononmonoj  ojcnjojcmcmcmcmcmojoj*-*-*- 

0J  OJOJ  OJ  OJ  0J  OJ  OJ  C\J  <\J  CM  CM  OJ  CM  Oj  OJ  OJ  C\J  OJ  OJ  OJ  OJ  OJ  OJ  OJ  C\J  OJ  OJ  OJ  OJ  OJ  OJ  OJ 

OJ  OJOJ  OJ  OJ  (M  CM  CM  OJ  CM  OJ  CM  OJ  OJ  CM  CM  CM  (M  CM  CM  CM  CM  CM  CM  OJ  CM  CM  OJ  CM  CM  CM  OJ  OJ 

-ojm=rinvos-cooNO*-ojm=r  unvo  s-co  on  o*— cm  m=r  unvos-coono  *- cm  orvx  unvo  s-co  on  o*- cm  m 
*-*-*-*-*-•-*-*—  *-f-ojojojCNjOJCNJCNjojrjoj  mmmmmmmmmon=J’  .=r.=r.=r 


WJ 


1 

1 

O  l 
C  1 

oco 

«J 0 

in  on 

onvo 

s-=r  UNON^r^r 

s- 

^  m=r  o\o oo  *—■ =r 

UN 

V: « 

1 

n  1 

T—  * - 

CM  CM 

OJ 

* —  OJ 

*—  *—  T— 

1 

CJ  1 

COOJ 

CO*- 

ms- 

onmvoojoj  *- 

ON 

OOJJTONCM*— VO*- 

UN 

v  V 

1 

1  1 

1  on 

OJ 

OJ 

CM  1 

*-*-  *-  i  i 

1 

|  |  OOr-^-  | 

1 

O  1 

1  1 

1 

oo  i 

1 

1 

UN 

VO  CM 

s-*- 

*— S-OO^T  S- 

UN 

vo  on  on  mm  onvo  in 

UN 

on  i 

l T)  1 

C^vO 

=t  on 

voon 

S-ONVOOOOJCM 

UN 

soNUNvoora^r 

VO 

v  v\ 

vo  1 

O  | 

me— 

vO 

vOO 

ono 

O  ON  CO  VO  *— 

on 

ms-*— sono  *- 

O 

i 

O  1 

UN  CM 

•=r 

OS 

*— co 

oin*-s-onoN 

o 

*-  vo  cm  s  cm  s  moo 

on 

t-  4 

i 

1 

■  • 

• 

•  • 

•  • 

• 

• 

Q)  \ 

cd  i 

VOS 

on 

VOVO 

ON  ON 

*-•-  oj  cm  on  on 

UN 

vo  VO  S  S-CO  oo  ON  On 

«— . 

*—  | 

I 

UN  UN 

vO 

VOVO 

VOVO 

S-S-S-S-S-S- 

S- 

S-  S-  S-  S-  S-  S-  S-  S- 

oo 

AAV- 

O  1 

i 

CM  CM 

CM 

CM  CM 

OJOJ 

CM  OJOJ  OJOJ  CM 

CM 

OJ  CM  CM  CM  OJ  OJ  OJ  OJ 

CM 

-w\ 

*—  1 

t 

CM  CM 

CM 

OJOJ 

CM  CNJ 

CM  OJOJ  CM  OJOJ 

CM 

CMCMCMOJCMOJOJOJ 

CM 

y'-’.vj 


.  Vk^vl 


r.*« 


•  ■  _  •  ’ 
’  "✓■**  •"  ‘.I 
*.  „S  „\  i 
sV/.n'j 


W.V.*- 

W.'-Y* 

>y.-' 

>v\ 

jS 


.*-\n  *. 


a-  ltivo  t-co  on  o  cm  m=r  inso  c~-co  O'  o  *-  cm  r*vr  invo  f-co  on  o  «-  <\j  t<vr  imo  r— co  on  o  •-  cm  ovt  mvo  t'-oo  on  o  «-  <\j  cn 
•sr-sr-sr^r-a-ir  ininir>inuMr\UMruiMr\NOvONONOvo>ovovo^o\ot^t^t“t~t-i^t^i^t— ^ooooooooooooooooooooonononon 


t-*- on  on 

cvj  zr 

VO  COO 

oo  o-ON^r 

0- 

ooc— c-encn 

VO 

oo 

OJ  *- 

*-*-*—*— 

CTNt— LfNvO 

CM 

oo  in  on 

coco  on  on 

O CO  ONCOST 

o 

1  1  «-  1 

C\JC\J 

1  1 

1  1  1 

1  OO^-CVJ 

OvJ 

T-  III 

VO  LOCO 

coo 

oj;=t 

c— t— oco 

c- 

cO  OOvO  C— 

o 

oo 

VOvO  CM  O' 

C<\=T 

cot-oo 

LTNOOCMO 

vO 

f-ouvo.- 

CO 

OvJ 

ocovooj 

oo 

CO  C— -=T 

oo -=r  o  in 

o 

ojonovjt-o 

OJ 

ON 

OOCMt— Oj 

0-=T 

t-  in  on 

NOOfl'N 

■=r 

OCT^OONOJ 

o 

t- 

■  •  •  • 

•  • 

■  •  • 

•  •  •  • 

• 

• 

• 

*- cm  cm  cn 

COCO 

O' On  On 

0»~t-  t- 

CO 

in 

VO 

vO 

0O000OC30 

COCO 

GO  CO  CO 

ON  ON  ON  ON 

ON 

ON  On  On  On  On 

O' 

ON 

OJ  CM  OJ  CM 

OJ  00 

CVJ  OJ  CVJ 

oj  cvj  oj  cvj 

OJ 

OJ  OJ  OvJ  Ovl  CVJ 

OvJ 

OJ 

OJOJ  OJ  OJ 

OJOJ 

OJ  OJ  CVJ 

OvJOJOOOJ 

OJ 

OJ  OJ  OJ  OJ  OJ 

OJ 

OJ 

-=r-=r 

COON 

ooj^r 

IfN*- 

.=r 

-=r  oj.=t  t— .=r  o  cn oj  moo  mcnojvovo^r 

--CM  f-  —  *- 

COCOON  VO 

vO^TC— *-*-OOOJ-=T 

t— O' 

OJOJ 

*-t- 

i-  1 

voo*- 

7 

one— 

■=r 

o  coon  cnoncnonoN  r- ovr  co  m  o  vo 

*—  OvJ  1  *—  v  OJ  1  1  •-  1 

1  1  1 

OvJ  OJ  coco 

77 

.=r  vo  vo  -=r  o-  o  «—  .=r 
i  «-*-  i  i 

i 

men 

•=tcm 
-=r^r 
ao  o 

VO  o- 

00  o 

ON  OvJ 

cvj  on 

t-t- 

ovcnco 

oioi-=r 

OJ^-ON 

e— t-vo 

oo 

o-=r 

t-OJ 

mm 

co 

o 

OJ 

•=r 

vo  on  cncrv=r  r~  on  o-o  on  t^-co  on  mvo 
coo  co  cnm-=r-=r  ONcnmr— enonvo  c— on 
onoj^tvo  c— coco  c— c— monr-co^r  om 
oj  oj  *- o  onco  o-vo  irv=r  cn  oj  ooncovo 

o^rcom 
OJONO  0- 

mcooj-=r 

co^oco 

oj  me— cm  m-=r  cvj  m 
oo  oo  mvo  on  c\i  vo  m 
oo  cn  o  o  on  on  t*-  m 
-=r  cm  onvo-=t  oj  o 

co-=r 

ONen 

ONVO 

men 

VOLO 

OJOJ 
CVJ  OvJ 

onovj 

OJOJ 

OJOJ 

OONOO 

r-OO 

OJ  OJOJ 
OJOJOJ 

co 

oo 

OJOJ 

OJOJ 

2201 

oncoc— no-=t  mCNj^-ooNcOt— NOsrmc\j 
O'  ON  On  on  on  On  ON  On  On  GO  CO  OO  CO  OO  OO  CO 

?ilfvit\ini(\icvjc\]cvinjc\lfiic^^c\jnjf\j 

ooncovo 

r—  v —  * —  * — 

OJ  OJ  OJOJ 

cnoj  o  on  co  t— vo 

t— t— C— t— vOvOvOvO 

CM  CM  CM  CM  CM  CM  CM  CM 

cn  oj 
VOvO 

CM  CM 

oo  vo 

oo  cn 

OJ 

t- 

m 
» — 

oj^r 

OJ*- 

voooo 

cot- ON 

-=T 

vovot—  on=r 

r— 

OJ 

ON 

ON 

enm 

on  on 

c-co 

t- 

CM 

■=rvo 

o  oj  cn 

—  enm 

cn 

oj*-o*-^r 

cn 

OJ 

•=r  oj 

*■“ 

1  r- 

OJ 

OJ 

1 

cnoj 

OJ*-  1 

CM  1  CM 

1  1 

i 

i  *-7  i  I 

7 

1  •- 

r" 

7 

oj-=r 

ONt— 

m 

VO 

coo 

OJ^T  t- 

e— t— o 

o 

e—  *—=r  oc— 

m 

cn  oj 

m 

ON 

cnoj 

■=r  o 

e— 

t- 

on=r 

oo*-co 

mcooj 

co 

ojco-=tco-^- 

o 

mm 

■=r 

OJ  »- 

ONO- 

— -co 

cn 

cn 

OO 

COt^^T 

00-=T  O 

ON 

ZTZtZT  cnoj 

co 

r- c^- 

t- 

OOJ 

C— OJ 

ojvo 

o 

cn 

o^r 

*-  moN 

voo  -=r 

o 

O  OXO  ON  CM 

c— 

en  m 

o 

O  OJ 

•  • 

•  • 

• 

• 

*  • 

•  ■  • 

•  •  • 

• 

• 

•  • 

• 

•  • 

t-CM 

cnen 

m 

vO 

COCO 

ON  O' O' 

0*-T- 

OJ 

^r-=r  m 

m 

vOvO 

t- 

COCO 

COCO 

oo  co 

oo 

00 

coco 

CO  00  CO 

OnONOn 

ON 

On  On  ON  On  On 

ON 

ON  ON 

ON 

ON  ON 

OJOJ 

OJOJ 

OJ 

OJ 

OJOJ 

OJOJOJ 

OJOJOJ 

OJ 

OJOJ  OJOJOJ 

OJ 

OJ  CM 

OJ 

OJOJ 

OJOJ 

OJ  OJ 

OJ 

OJ 

OJOJ 

OJOJOJ 

OJOJOJ 

OJ 

CM  OJOJ  OJOJ 

CM 

OJOJ 

CM 

OJOJ 

c— envoojo 

i-Oj 

t- 

r— 

t—  cr\=r  cn 

oo-=r  e— me— cn 

zTzT  OJC0C0 

cm  cn 

vo  cost  *—  envooo 

OJ 

■=r  cm  e— ■=»■  ctnco  =r 

OJ «—  f- 

o«=rvooNm 

t— 

CTv=r  om 

NOr-r-Cn»- 

f-OJt-CMON 

oo 

enonvo  cm  cnoN-=r 

mojt— m*— onocnj 

f-  1  1  f-OJ 
i  i 

i  i  i 

1 

1  —  1 

1 

OJ 

1 

CM  1  CM  1  »- 

OJOJ  1  *- 

i 

o  me- on  t— 

co 

oomc— t— 

common  oj  on 

com*- on 

00  CM 

ONmojt— cm  *-cn 

ment— ojoj^r  ojao 

c—^-on»- 

on 

oo-=r  cvj 

^■voojmojoj 

ON^OJONt— 

00  -=r 

CMOii-mooco 

cncnooojomoi 

vDCOO^M 

i — 

mojeo-sr 

■=tcocm  mooo 

ojcncncM  *- 

e— m 

^ton-^ooovj  mt— 

*-  cm  cnenoj  *“Onc— 

c-t— coooco 

CO 

e— e— vovo 

irv=r-=r  cn  cm  cm 

OONOO  t— vO 

cnoj 

co  vo  men  cm  ooo 

m  cn»— on  e— m  oj  o 

*  t  •  »  1 

• 

•  •  •  • 

•  • 

voifV3*cnoi 

ON 

vom^m 

«—  O  OnoO  t— vO 

^■OJt-OOn 

t— vO 

cm*-  ooncoc— m 

cn  oj  onco  t— vo  m 

r-  r—  •“  ♦—  *— 

o 

oooo 

OO  O' On  O' On 

O' O' On  ONOO 

0O0O 

cocococ—t—t—c— 

t— t— t— vO  vO  vO  vO  vo 

CM  OJOJ  OJOJ 

OJ 

OJOJ OJ  CM 

OJCMt—*—*—*— 

« —  v— 

*—  T— 

f —  r>i-  r-  r-  « —  r— 

OJ  CM  CM  OJOJ 

CM 

CM  OJOJOJ 

OJOJ  OJOJ  OJOJ 

OJOJ  OJOJOJ 

OJOJ 

OJ  OJOJ  CM  OJ  OJ  OJ 

OJOJCMCMOJOJOICM 

=r  mvot~-cooNON-<\!m=rirNNOt~-coo'©»-c\j  m=r  itnno  f— coono . —  c\j  r^va-  invo  e^coono  <-  ryro^r  lono  moono--  rvjro 
=r  a- a- a- irurMTiini/N  in  i/n  irufMfNNO  no  no  no  no  no  no  vo  no  v£>  c~- t^oo  co  oo  co  oo  oo  oo  oo  ao  oo  O' on  on  o' 


-=rinvot"-coa'0«- 

CT'CT'OCT'CT'CT'  O  O 


CM  nn=r  invo  c--co  cn  o 


c\j  on=r  invo  c— co  o>  o  *-  oj  on=r  invo  c^-oo  ov  o  «— 

r— r— r— CMCMCMCMCMCMCMCMCMCM  onon 


CM 

LO 

o 

1 

CTn 

a> 

vO 

in 

00 

-=r 

t- 

on 

• 

» 

CO 

o 

a> 

a* 

CM 

CM 

CM 

CM 

COCO 

oncr» 

CM 

r—  r- 

ino 

oo> 

CM 

^7 

■=ro 

ont- 

LO  LO 

STCO 

C — CM 

o  on 

COO 

»— oo 

•  • 

•  • 

a>co 

o^r 

men 

inin 

r—  t— 

T—  T-— 

CM  CM 

CM  CM 

i 

1 

C  1 

OIOOOOt- 

LOvOCM^r 

CTv 

f»t^raN 

00 

•=r 

CM 

i 

tD  1 

CM 

CM 

CM 

i 

o ! 

O’- 

oninm 

oonon,- 

CM 

O  CM  CM  O'* 

in 

CM 

i 

i 

1  1 

O  1 

1 

i 

CM 

I 

y  1 

CM 

» 

i 

1  00 

1 

1 

CTvCOmt—CM 

00^3“  vO  CM 

oo 

c^-vomo 

o 

on 

■=T 

i  on 

<n  i 

CTNmm.-o 

mm  cm 

, — 

vo  co  oar 

, — 

0- 

1  o 

o  » 

t- CM  CM  CM  t- 

.=r »—  t— on 

O 

cooooo  t — 

, — 

on 

O 

i 

O  1 

ST  *— 

co  in  cm 

CMOMOCM 

CO 

OO^TOvO 

in 

• 

I 

1 

• 

•  *  • 

•  •  •  • 

• 

•  •  •  • 

• 

• 

o 

i  o-< 

CC  1 

r— »—  cm  oo 

LTi 

OOCTVOO 

CM 

on 

o 

i  » — 

1 

srsr 

-=r-=r.=r 

in  in  in  in 

in 

in  in  vo  vo 

vo 

vO 

on 

1  o 

1 

OjCMOJOJCM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM 

CM 

CM 

1  CM 

CM  CM  CM  CM  CM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM 

CM 

1  O 

O  1 

1 

c  \ 

■=r 

oninov 

sr  o  incovovo 

zr^r^rvo-=r^T^r  a^-=r  vo 

1  1 

E3  1 

«- 

CM  CM 

1  <t-4 

o ! 

o 

t-CMCTs 

oo  o>«—  ovjont- 

»-ojO  on*-vo  *— -=r-=r  onon 

vO 

|  , — 

1  1 

r— 

f“  1  1  1  T- 

i  i  i 

CM  1  1 

1 

O  1 

1 

1 

1  CM 

1 

o 

CM nov 

m  0  0-0  JO 

moo  mnvr -=r  0-=r  cot— o  t- 

1  O 

CO  1 

00 

CMCTnCM 

cm  oooncMt--=r 

o  t- OMnvo«- cm  c—onovt- 

,-Ov 

O  1 

cr\t— 

o-  t-t-vo-=r  cm 

oncooncocMvoo^^ 

on=r  invo  in 

1 

O  1 

00 

CM  LAS 

t—  inc—ov»-oo 

co  a*  *-  CM ^  invo  oo  <J\  o  *- 

cm  on 

1 

1 

• 

•  •  • 

•  »  *  •  •  • 

•  •  • 

•  • 

1 

0-  1 

cn 

CO  C—m 

LO  on  CM  *-0 

c--id>o  irv=r  oocm  •— 

OOCT'OOC- 

1 

1 

on 

on  on  on 

oo  cnooonmon 

CMCMCMCMCMCMCMCMCMCM*- 

» —  1 — 

1 

1 

CM 

CM  CM  OJ 

CM  CM  CM  CM  CM  CM 

CMCMCMCMCMCMCMCMCMCMCMCMCM 

1 

1 

CM 

CM  CM  0J 

CM  CM  CM  CM  CM  CM 

CMCMCMCMCMCMCMCMCMCMCM 

CM  CM 

1 

1 

1  O  1 

1  C  1 

vOlflO  <■*•>.- 

in  vo  CM  ST 

Ov 

r-N-3-C^ 

00  =T 

1 

i  :=>  i 

CM 

CM 

1 

1  O  1 

o  *— 

on  in  in 

oonm,- 

, — 

cm  o  in  vo 

vO 

1 

1  1  1 

1 

i 

CM 

f-  » 

CM  » 

1 

1  O  1 

1 

i 

vo 

1  oo 

1  » 

OvOOvO  O'- CM 

CO-=T  vo  CM 

CO 

c--voono 

O  on 

i  on 

1  0)  i 

OMTimr-O 

inonoj*- 

, — 

voco  on=r 

T~  t— 

-=r 

1  vo 

i  n  i 

*-<MCMCMr- 

, —  o —  on 

o 

oo  co  cot- 

on 

CO 

1 

1  O  1 

•=r  r— 

oo  in  cm 

cm  o  in  CM 

CO 

co^rovo 

st  in 

• 

1 

i  i 

• 

•  •  • 

•  •  •  • 

• 

•  •  •  • 

•  • 

00 

1  <1) 

1  CC  1 

vOt-SCOOi 

r—  CM  on 

in 

cocnoo 

cm  on 

Ov 

i  i 

^r-=r 

^r-=r.=T 

in  in  in  in 

in 

ininvovo 

vO  VO 

CM 

1  o 

i  i 

CJCMOJOJCJ 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM  CM 

CM 

1  CM 

1  CM 

i  i 

i  i 

CJOJPJOJOJ 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM 

CM  CM 

C— 

I  o 
1 

1  O  1 

I  C  1 

ST 

on  in  C7v 

a-  omoomm 

■=r  ■=r-=Tvo-=r-=r'=r  o 

c— -=r  ctv^rvo 

CM 

1  1 

1  3  1 

CM  CM 

VO 

1  CD 

t  O  1 

O 

0— CM  Qv 

00  OVr-CMOnt*- 

cm  o  =t  <r-  vo  onin^3“  st  o  in 

*“ 

1  *“* 

1  CM 
1  CM 

1  1  1 

1  O  1 

r-  1  1  1  «- 

I 

i  i  i 

CM  1  1 

sr 

1  f 

VO 

OMnerv 

vo  SONO  vo 

moo  onon^^r  *-  o*=r  one— o 

o 

1  O 

I  <n  t 

OO 

CMOVCM 

CM  00  on  CM  0— 

ot-OMnvo^-ojt-movt-r-o 

CO 

1 

1  £>  1 

r*- 

ov»— 

t“—  c-~o-vo^rcM 

onco  onoo  cm  vo  ov 

on=r  mvoin 

on 

1 

1  O  1 

CO 

cm  int-~ 

ino-ovf— on 

coent-  CM-=r  mvo  co  on  o  » —  cm  on 

* 

1 

1  1 

• 

•  •  • 

1 

(  O-  1 

CT> 

CO  t'-vO 

in  mcM  ,-o 

c-mm  icvr  oocm 

ooovcot- 

vo 

1 

1  1 

on 

onon  on 

on  on  on  on  on  on 

CMCMCMCMCMCMCMCMOJCMr- 

1 

1  1 

CM 

CM  CM  CM 

OJ  OJ  OJ  OJ  0J  CM 

CMCMCMCMCMCMCMCMCMCMCMCMCM 

CM 

? 

1 

1  t 

1  1 

CM 

CM  CM  CM 

OJ  CM  OJ  CM  OJ  CM 

CMOJCMCMOJCMCMCMCMCMCMCMOJ 

a-  mm  t—co  oj  o 

1 

1 

1  1 
i  *n>  i 

oj  ma-  mm  f-<o  o  r-  oj  oo=r  mm  t'-co  cn  o «—  oj  ro=r  mm  t^oo  cr*  o  r- 

O'CT'CT'O'CT'CT'O  O 

1 

i  i 

r—  •—  t-  r-  »—  »- 

r-CMCMCMCMCMCMCMCMCMCM  onon 

7.3591  5  6  2263.5373 


00  fVVT  LOvO  C--O0  ON  O  t—  CM  m=T  mvO  0-00  On  O  a—  CM  m=T  LOvO  t— oQ  On  O  a—  CM  m^T  LAvO  C— CO  ONO  a —  0J  m^T  inv£>  C— CO  CT'Or- 

mmmmmmmmsr-^-sr-^-sr^-^-^-^^  ininmininmininininvovovovovovovovovovo^c— c-e-c— e— e— c— e—c— cooo 


0> 

a-C-a~ 
«-0vJ  »- 

a-l n 

LHC— 

VOVO^T  O' 

0-0 

CM 

m 

cm  m 

r-  CM 

in 

00 

0> 

* — 

voiocrv 

C— -t*— 

CMr- 

CV|a-OC- 

O'O' 

o 

r-t— 

on 

vO 

in 

a- 

«—  CM  1 

i 

1  1 

1 

i  y 

i 

CM  00 

1 

1 

Y 

t— 

O-OCO 

m»- 

mo 

ONvomcM 

min 

o 

in  oo 

m 

in 

o 

-=r 

CTnCM 

t-OJ 

a—  C — 0— CM 

*—  vO 

m 

•=r  in 

i — 

o 

in 

O' 

on  mo 

oj-=t 

-=r-=j- 

0'’=T  0'-=T 

VOC— 

o 

os 

CO 

in 

ON 

o 

a—  f—CM 

go  on 

moo 

VO  «—  LO  O 

t— a- 

O' 

mvo 

o 

c— 

m 

• 

•  a  • 

•  • 

•  • 

•  •  •  • 

•  • 

• 

a  a 

a 

a 

a 

■=r 

inino 

C— 00 

ONCTn 

oo  mm^r 

LOvO 

vO 

ON  ON 

r— 

f — 

CM 

VO 

v^DvOO 

vOvO 

VO  VO 

f —  C’’ —  c — 

e— 0- 

C— 

t— r- 

00 

00 

CO 

CM 

CM  CM  CM 

CM  CM 

CM  CM 

Ovi  00  00  CM 

CM  CM 

CM 

00  00 

CM 

00 

CM 

CM 

CM  CM  CM 

CM  CM 

CM  CM 

CM  CM  CM  CM 

CM  CM 

CM 

CM  CM 

00 

CM 

CM 

co-=rco 

m 

vnin-=r  co  vo  in  invn  ov  a- 

o  e — vo  in  s—vo 

mso 

VO 

f\J^T 

a-  a-  a—  00 

•“  a-  a-  a- 

*— 

CM  a— 

10 

-1 

-4 

■=r 

a— OJ  NO  a— CO  CM  a- a— m=r  ^r 
a~  a-  ||  I  CM 

1  1 

•=r^-  ooOoo  a— 

CM  1  a-  |  a- 

vOrra- 

T  1 

cO 

moN 
CM  | 

o-^r  in 

O'  cm  o  a—  mmmso  O'  a- 

inoN^r  on-=t  -=r 

mo  o 

CM 

0000 

a-C— CO 

T— 

vo  mo  s-ovooo-=r  mo-? 

moN^r  min  in 

rn-a-vo 

a— 

vO  t*— 

inmr- 

m 

ms- ^  orxo  0-00  ON  ON  ONOO 

(\jooirn-v£>»- 

Od  ITiC-- 

T - 

moo 

ino 

00 

OOa-a-a-a-ar-a-a-a-,- 

a-OOOONON 

s-oin 

m 

CM  O 

voin-=r 

co  o-vo  in-=r  moo  a-  o  onco 

U~ld?  0OC\J  O  O 

o  in^r 

a-o 

r-r-i — 

«— 

OOOOOOOOO  ','CT> 

OnONOnOnqnoO 

00  oo  oo 

co 

S-0- 

CM  CM  CM 

CM 

CMCMCMCMCMCMCMCMOOa-a- 

a—  a—  r—  a—  a— 

a—  a—  a— 

a— 

a —  a— 

00  00  CM 

CM 

CMCMCMCMCMOOCMCMCMCMCM 

00  CM  CM  CM  00  CM 

(\Jf\JC\J 

CM 

00  00 

ON 

a—  f— a— 

r-  in 

inc— 

lOvO^f  On 

0-0 

moo 

c- 

CO 

a— OO 

a-CMa- 

a— 

CM 

*“ 

•“ 

*■“ 

vO 

* —  co  in 

■=TO 

OOvO 

oom=r  m 

a-vO 

vo  CO 

00 

00 

OON 

a- CM  a- 

1 

1  1 

1  »- 

CM  1 

1 

oo 

1 

1 

C- 

s-om 

m»- 

mo 

ONvomoo 

min 

O  =T 

CO 

CM 

s- 

■=r 

Oa-a- 

OnCM 

s-oo 

a-0-t-CM 

a-vO 

mco 

m 

O' 

on 

ON 

ONOOVO 

oj*=r 

^r-=r 

on^j-  on^t 

vo  0— 

ONCO 

vO 

CM 

s-oo 

o 

a-t— 0J 

com 

mco 

vo  a—  mo 

C— -  a— 

ovm 

o 

0- 

mvo 

• 

a  •  • 

•  • 

•  • 

•  •  •  • 

•  • 

•  • 

• 

• 

•  • 

-=r 

in  in  vo 

c— oo 

ON  ON 

oo  mm-=r 

invo 

OE— 

a— 

a— 

CM  CM 

vO 

vOvOvO 

VOVO 

vo  vo 

C*— 0— C— 0— 

e-C- 

oo 

CO 

COCO 

00 

OJ  CM  CM 

00  00 

CM  00 

00  CM  OO  CM 

CM  CM 

CM  00 

CM 

CM 

OJ  CM 

CM 

0J  CM  CM 

00  CM 

CM  (M 

CM  00  CM  CM 

CM  CM 

00  00 

CM 

CM 

CM  CM 

oo-=ro o 

m 

-=rvo  in -=r  co  vo  in  invo  on 

vO 

e— vo  ine— vo  mojm 

a-r-  a-  CM  r—  r— 

m=r  m 

a—  OJ  a- 

ovoo  invo 

vOON 

vo-=r  m 

CM  CM  a- 

ONOjin 

CM 

cm  m=r  a—  c*— co  a-  min  a- 

O 

ONcoov=r  t— a~oin 

in-=r^r 

min=rvooo 

-=r.=r 

oin^r 

1  1 

a-  * —  1  1  1 

1  1 

0J 

a-  cMa—  mmcM  cm 

1  1 

oo  m  i 

i  i 

CM  CM  1 

1  1 

1  a- 
1 

=r  oooo 

\ 

s— =r  in 

on  oo  o  a— mmmc— onon 

CO 

on-=t  o^=r  -=r  o  cm  in 

l—  a- CM 

in  invo  a- on 

t— m 

ooino 

a-S-OO 

, — 

vo  in  o  o-o  vo  co  ino 

m 

on-=t  mm  in  a- on  in 

■=r  onoo 

■=t  a—  c— moo 

oo 

ONONVD 

inmr- 

m 

me— a- mvo  0-00  On  ON  on 

■=r 

CO  in  a— VO  »—  moo  CM 

ONONO 

cot— -=r  cm  O' 

a —  VO 

in  co  oo 

■=r  invo 

oo 

OOa-a-«-a-a-a-a-a- 

a- 

OO  OOnOncO c— c— 

moo  cm 

onco  s-vo^r 

CM  O 

c-in^r 

voin-sr 

a~ 

co  t— vo  in^r  moo  r-  o  ctn 

VO 

■=r  mcM  o  onco  c— vo 

00  a-O 

t — vo  in-=r  m 

a-O 

c— vo  in 

« —  ! —  a~ 

r— 

oooooooooon 

ON 

ON  on  ON  ON  co  00  oo  CO 

000000 

0—0— o—t — t— 

o-c— 

vOvOvO 

CM  CM  CM 

CM 

CMCMCMCMCMCMCMOOOOa- 

a— 

a— a— a—r—  a— T— a— r— 

a —  t—  a— 

a —  a —  a—  a—  a— 

a —  a— 

a—  a —  a— 

OJ  CM  CM 

CM 

OJCMCMCMCMOJCMOOCMCM 

CM 

CM  CM  CM  CM  00  00  CM  0J 

0J  CM  CM 

CM  00  CM  CM  00 

CM  CM 

CM  CM  00 

corner  m\oe— cooNOa-ojm=r  invo  c—co  on  o  a—  oo  m=r  c— <o  O'O^oj  m=r  invo  t—co  oo^(\j  m^r  invo  s-oo  on  o  * 

mmmmmmmm=r^-.=r  zt=r  ztzt  u  Ninininininininminvovovovovovovovovovo  c— t— c— c— t— c— c—e— c— ooc 


^.«rv'r./  v*\ 


258 


<\ioo=r  nvo 
oo  oo  co  co  co 


C  1 

oa> 

VO 

irv=r^=r 

■=r  T-  irv=r  m=r 

•=r  co  f-  *=r  c- t— vo  n 

-=r 

CM 

n  1 

cm 

«“ 

o ! 

GO  CO 

COt-CO 

•=rvo^r  oo  t— 

■=r  coco  cm  cm  o  inco 

CM 

O 

1  1 
O  1 

1 

1 

1  »-«-  |  r—  *—  r—  *— 

1  1  1 

CM 

t— 

CO 

1 

1 

-=rco 

CO 

unt^-co 

CMvO  C— Cxt'-C— 

COOt*-*— CMCs-vOvO 

h- 

ox 

vO 

<n  i 

vo-=r 

ax 

vOCO-=T 

r—  *—  COO  CM  CO 

CM  COn  f-  VO  n  CM 

O 

O  1 

CO  CM 

CO 

CM  OCO 

CM  CO  OOCO  CM  LO 

co=r  ni/v=r  oocm 

ON 

O  1 

LOCO 

Ox 

c--=r  o 

■=r  oc-coovo 

OMT»r-  SCOOMOr- 

CM 

co 

o 

CC  1 

to  VO 

av 

cmco=t 

LOVOVO  t^COCO 

0>0»—  r-CMCMOO^r 

n 

vO 

o 

1 

ooco  co 

CO  CO  CO  QO  co  co 

co  ox  ox  ox  ox  ox  ox  ox 

ax 

o> 

o 

1 

CJCVJ 

CM 

CM  CM  CM 

CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM 

CM 

CM 

o 

1 

(M<\J 

CM 

<\J<\JC\J 

CM  CM  CM  CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM  CM 

CM 

CM 

i 


1  1 

1 

O  1 

C  1 

CM 

-=r 

moo 

CO 

von 

oxco 

co  con  co 

CO 

vO^TOvOOOvO 

ON 

r-  | 

n  i 
• 

CM 

CM 

CM 

CM 

O  I 

O  1 

c- 

co 

vooo 

■=T 

COCO 

*-  CM 

OxrO«-CM 

cm  vo  corner  *- 

vO 

O  1 

1  1 

*— 

l 

r— 

r— 

CM 

*~oo 

1  1 

i-  1  CM  1 

O  1 

1 

O  1 

1 

1 

1 

1 

1 

1 

1 

1 

LTV 

c- 

no 

CM 

nvo 

co 

coo  vo-=r 

o 

-=r  coo 

Ox 

1 

(0  1 

vO 

-=r 

avvo 

00 

coco 

nn 

nnco-=r 

CM 

t-4-vonvon 

Ox 

1 

JO  1 

vO 

CM 

nvo 

vO 

vO  CM 

coco 

nooocM 

zr 

COCMOOOnCM 

CO 

1 

O  1 

in 

O 

■=rvo 

O 

OVt- 

^=r  n 

OOONf—  CM 

=r 

vO  c*-cocooxo 

T— 

1 

1 

• 

• 

•  • 

• 

•  * 

•  • 

•  •  •  • 

■ 

• 

1 

CL  1 

CM 

r— 

Ox  co 

t"- 

CM  CM 

oav 

c-'-iovon 

co 

i-OONOOt-t- 

n 

1 

1 

C'- 

lOvO 

VO 

VOVO 

von 

nnnn 

n 

nt/vr^iT 

1 

1 

CM 

CM 

CM  CM 

CM 

CM  CM 

CM  CM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM 

CM 

1 

1 

CM 

CM 

CM  CM 

CM 

CM  CM 

CVJ  CM 

CM  CM  CM  CM 

CM 

CM  CM  CM  CM  CM  CM 

CM 

i 

i  o «- cm m=r nvo ^-co on o *- cm cn=r nvoc-cooxo *- oo co=r  nvo  t»-oo  ox  o»- cm crva- 

I  «—  i— «—  <— (MCMCMCMCMCMCMCMCMCM  COCO  CO  CO  CO 


c^on 

*— 

»“COf“ 

VOCOr- 

.=r 

1 

■^“^rco 

CO 

COCMvO 

•=r 

■=r  c*-co 

o 

CM  OCO 

n 

•  «  • 

• 

-=T  CO*— 

Ox 

vOvOvO 

n 

t-  r— 

*— 

CM  CM  CM 

CM 

00  (VVT  ir»vO 
OO  CO  CO  CO  CO 


CO 

mmm=rvo 

mm 

m=r  lt> 

■=r  mo  cm  «— =r-=r 

-=T  C--vOt--OOONOOCMCMi— =r  *— co 

r— 

CVJ 

i—  (Mi-  1-1-i-CMi-i- 

vopocmon 

<\io  mono 

COi- 

CM  i— 

CM  *—  l/N 

*-i-o  m  cm  i— 

CM 

«-^=r  cm  ioonvo  mo  cm  c—ovo  i—  i— 

1  (Vi  1 

i 

1  CM  Y 

1  1 

1 

C\J  (\l  f- 

1  1 

1 

1 

CM  i—  r—  |  |  i-  1  *-i- 

1  1  1 

mrnmo 

(MincOi-vo 

vO  CM 

in*- 

onc--=t 

LTV  On  m  GO  On  * — 

00 

moo  ZT  CM  -=T  VO  CO  CM  00  On  CM  CM 

O  C\J  C“— On 

incoinocvj 

inco 

LOO 

«— coo 

*=rt-m  -=r  j=rjq-i/N 

cvjvo^  t^=rvooNinoNirunooN^r 

o^r  c— o 

invot*-cot*- 

CM  ON 

CVJOO 

o-o 

coono  o  t^-mcM 

IfN  O  in  ON  mvo  CO  0 1— CM  CM  CM  O  on 

ir»oir»t— 

i-vO 

.-vOi- 

VO  o 

o-=r 

moo  cm 

o-=r  o>  ^“oocm 

on  mo  on  mvo  on  mvo  on  cm  ltnoo  o 

r— cocoon 

OO 

»—  *—  CM 

m=r 

LfNLO 

vOvOt*- 

OOOOOO  O'  OO 

i~  cm  cm  cm  mmm=r  .=r  =r  itmtuono 

ON  On  On  On 

ooooo 

OO 

OO 

ooo 

ooo  o 

v— 

» -  1“  1—  1 - 

i  ^  %■  -  f  t  1  y  ^  f 

CVKMCMCM 

oo  common 

mm 

mm 

mmm 

mmm  m  mmm 

mmmmmmmmmmmmmm 

CVJCVICVIOVJ 

CM  CM  CM  CM  CM 

CM  CM 

CM  CM 

CM  CM  CM 

CM  CM  CM  CM  CM  CM  CM 

CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

■=r  tninm^) 

VO  w— 

mco 

ON 

o«- 

OvO  O' 

ONC-- 

-=rco 

CM  *— 

CM  »— 

CM 

S-vOOOir 

t—  C*— 

int^- 

C'- 

com 

LfN«—  LfN 

•=r  cm 

CM  O 

1  1  CVJCVJ 

1 

1  i- 

i  i- 

CM  CM 

V-  1  1 

1  i- 

covomojt^ 

com 

me- 

■=r 

i-m 

LfN  CM  00 

i--=r 

vO  CM 

t-cr*o 

no 

t—m 

ooo 

m 

t^-ON 

GO  VO  t— 

vO  t— 

irv=r 

r-b- 

■=r  «- 

uv 

i-ir> 

COON  ON 

mo 

t*--- 

CM  CM  COCO cv, 

mm 

mm 

CM 

i-O 

vot r»  m 

OnCO 

O  O' 

•  • 

•  • 

•  • 

• 

•  • 

«  •  • 

•  • 

•  • 

mcvjr- 

O  O" 

lo-=t 

CM  i— 

ON 

nOIO 

ONOO  VO 

1-0 

loco 

mm 

mm 

CM 

CM  CM 

i—  T—  r— 

1—  y — 

OO 

CM  CM  CM  CM  <\j 

CM  CM 

CM  CM 

CM 

CM  CM 

CVJ  CM  CVJ 

CM  CM 

CM  CM 

CVJ  CVI  (VI  (\J  OJ 

CM  CM 

CM  CM 

CM 

CM  CM 

CM  CM  CM 

CM  CM 

CM  CM 

LfNvO  C — OO  On  o  *— 

cm  m=r  i/vot-co  on  Oi- 

(Vi  m=T  LTNVO  t — CO  On  0 1“  CM  m^  LfNvO  C— -OO  On  O 

1-  CM  COST  LfNvO  t^CO  ONO 

v: 


10012  -  00001  628  10011  -  00001  628 


1  0 

1 

1 

1  c 

1  -=r  min.=r 

1  :=> 

!  0 

1  *-  OCvjO 

1 0 

1 

1 

1  cocomoN 

1  CO 

1  30.— VO 

1  0 

1  vOOn*—  CVJ 

1  0 

1  co  mono 

1  CK 

1  mvoc— co 

| 

1  t —  c — c— t — 

1 

1  vovovovo 

1 

1 

i  mmmm 

1 

;v,v,v^a  .v.Vi v'jir.V'JVTV': vr v  v  ^  o  ■c’x'v  w*r<  ^  t.  t *  -^v  - 


0«— CVjm^  LnvOC-^ONO«— Ovjm=r  invOC-COONO*— CVjmsy  invOts-COONO*-C\im3'invOr-<00>0*— CVJ 

oooocnjcvjoococvjoooooo  mmmmmmmmmm3-.=r  zr 


co-=r  o  in-=r  Lf>-=r  m=r.=r  .=T-=r  prxo^r  Lfv=r^r^r  irv=r-=r  in  .=r-=rvo.=r 

m*-coo 


mco  cvj  o  r-^r  co  c\j  ma*  *—*-*-  cn«—  cvi^r  mc\j.=r  ono  o-=r  mmcomr-  cm  -=r  o  in 
II*—  l  l  l  I  i  l  i  l  I  l  l  l 


onc— co  t—t^m*— -=r  irv=r.=r  oncj*—  inoNOmzj-voooNinmvDONO*— t'-^NO^oo 
«-  <—  in  in onoo  co  o  m*- *—-=r  *—mo>  coco  ovine- «—c\jcocom=roNoomzrooco 
•=r-=r  mcuooovomoMnoinoNmvooo*— oomw'.sr.^'m*— ONt*-.=r  ovocoe-f-tn 
•=3-  *— co  in  coco  incvjco  incoao.=r *-  c— movo  coco-sr  ovo  c\j  smauno^  *—  e-co 


coco  coin 
me-h-co 
CVJ -STvO  00 

moo  coco 


ONOo*-cocvjm^^invovoe-coooo>oo*-«— comm=r.=r  ininvoe-t-cooooN 
t^-CO  CO  OO  CO  OO  CO  CO  CO  OO  CO 00 00 00 CO  CO  ON  ON  On  ON  On  On  ON  On  ON  ON  On  O'  on  on  O'  o»  on 
vO  vO  vO  vO  vO  vO  vO  vO  vO  vO  VO  vO  vO  vO  vO  vO  vO  vO  vO  VO  VO  vO  vO  VO  VO  vO  vO  vO  vO  VO  VO  vO  VO 

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 


irv=r^r  inc 


■fOro(n3333vOMmn^  ^3--=r  Lrv=rvo^r-=r^-srin-=Tiri^r^rio^TLn 


mmo  c\j  m<\i  oo*-c\j*-coc\Jt-*—  0^3  *-J3-.=r.=T  cm  r-  mc\i  mvo  c\j-=r  m*-  m =r  cvj  *—  in*- «- 

1  cvj  1  t  1  1  1  1  1  1  ill  1  11  1  1 


«-  *-  o  c\j-=r  *-  c—00  e-^r  *-  moo  o  o  000  e-c-co  *-  cvj  cvj  cu 

^voav^^^OvvOCOmt-CrVTT-CMOOOO^r^OvOvOvO*- 

ONinoinoNmvooN*-m=r  ininirv=r  c\joooin«-comcom 
mvoov*— mo  000  mine— on*- mint*- ONOC\j.=r  in  c--coo 


e-e-e-ov*-  *— in*-co-=r-=r-=r  co  *-,— mo 
■0  vo  *—  ,-vO  t— CM  cvjcoco^t  in  *-00  on  oe- 
o  tmo  00  on  o  *-  f-  o  ovoo  vo-=r *-  e-.=r  on 
m=r  in  vo  c-ctvo  «—  cvj  cvj  m=r  invovo  t-t— 


mcvj  00  *-  o  ovonco  e— vo  in  irvr  moo  «-  *—  o  ovoo  t—vo  vo 
e—c— e-t—e-e- vovovovovovovovovovovovovominininin 
vO  vO  vO  vO  vO  vO  vO  vO  vO  vO  vO  VO  VO  vO  VO  vo  vO  VO  vO  vO  vO  VO  vO  vO 
mmmmmmmmmmmmmmmmmmmmmmmm 


■=r  moj *-  o  ononco  t—vo  in-=r  moo  *—  oon 

ininininin^T^r^r^r^r^T-=3-^r^r^T^rm 
VO  vO  vO  VO  VO  vo  vO  VO  VO  VO  VO  VO  VO  VO  VO  vO  vO 
mmmmmmmmmmmmmmmmm 


1 

1  0 

1 

1 

1  c 

1 

in^- 

1  n 

1 

1 

• 

1  0 

1  < 

• 

1 

• 

com 

1  1 

1  0 
< 

1 

1 

■ 

1 

1 

1 

1 

t'-vO 

1  (0 

1 

*— vO 

1  0 

1 

C-ON 

1  0 

» 

1 

coin 

!  as 

1 

1 

*—  co 

1 

1 

C-l*- 

1 

1 

in  in 

1 

1 

» 

1 

mm 

rm3(rvT33iroimrra-34-  mc--=r  in  orv=r  in^r^rmo^r  min  in  in  in^r 


l  1 


l  1  1  1  1 


1  l  1 


1  l 


ot-3  *— coin*— coin*— 00^3-  ovo  ooco-=r 


ino-=r  ocooo  inomco-=rvo^r  oot^-CT'OO  in 
■=r  ovoo  Ovo  c—  r-  o  cvj  coco  Cvj  o  Cvj  c^-vo  o  c—  c— 
vo-=r  cm  o  vocmco  me- o  mo  coon  onon  on  c— in 
vo  00  co -=r  on  in  o  vo  *- 1- co  c— cot— coe-coc- 00 


invovo  c-ooaoavoo*-(\joom=r^rininvo 
e— e— c — t — t—c— e—t— t— gooooococooooooooooooo 


c-oooo  onono  *—  *—  cvj  co  mm=r  in  invovo  c— 

CO  00  CO  CO  00  On  ON  ON  On  O' O' ON  On  On  ON  O' O' On  On 

in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 
mmmmmmmmmmmmmmmmmmm 


mmcrvvo-=r^T  in^r^-^rvoco  m=r  mmc— ^r-=r  mo  in-=r^roo^r  m=r-3-  in-^  t^-vo-=f  inininm=r-=r^r^r 


*— mooco  *— 
1  *- 


oomominin*— o*~goocvj  *— vomo*— vo.=xco*-*— *-vovocmoo*-*-cvj*-*-ooo 
1  1  *—  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1 


v0f-m»-saioai(\jsinoo3,0r-3,c7'oav3’3‘int^oav3mmminmoi^3,mf-oo»-(\ifna’ 
.=r  cum*— *-vovococ-co-=rvooNONCjON*-C'-vo*-ONCijON*-voinONt‘-0'inin*-co*-oooN.sTmocrv3-ON 
ovo  *— voocnvocoo  r-cocj*-ocrvvo-=j-  ovocovo*— ^tcooco  on=r^r^T  cocoonc— moMno-=rco*-m 
^3- vo  on  *- -=r  vo  00  o  m  in  c- on  *— cvr  vo  co  o  *- m=r  vo  c-co  o  *- co  m=r  in  vo  c- c-oo  on  ov  o  *-*—*- co  co 


o  oncoco  t—vo  in  in^r  mcvj  *— *-0  onoo  c—  c^-vo  i/\=r  mco*—  *— o  o>co  c— vo  irvsr  mco*— o  o  o> co  t—vo  in 
c-vovovovovovovovovovovovovo  mmmmmmmmmmmm-=r-=r-=r;=r-=T-=T.=3-.=r-=T.=3--=T  mmmmm 
in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 


o  *- co  m=r  invo  c-oo  on  o  *— cj  m=r  invo  c-co  ov  o  *- cvj  m^- invo  t^co  on  o  *- c\i  m=r  invo  t^-co  on  o  *- co 
*— ^»— *-*—*-*-*- *-*-c\icocococvjcocoCvjcoco  mmmmmmmmmm=r  .=y 


261 


•.•V 

■  >v 

.  A  r.i 


V 


■.V-w. 


v.v 


v>.o 


,v 

s’ 


». 


>>>*• 
V  v 


.V. 


\-\1- 


r 


-*.,N 


,%  ,N 


WA  W  WA VAVV'V1  ■■■  ^  s1  .‘T 


FJ^J  r.  IF,  yj  yr  y;  r  y.-r .  'jf.  v.  r.  srr 


I 

I  -D 

I 

I 

I 

I 

I  O 

1  c 
I  o 

I 

I  o 

I  I 

I  o 

I 

I 

oo  I  to 
CM  I  O 
vO  |  o 

I 

I  DC 
CM  1 
O  I 
O  I 
O  I 


1 

1  O  1 

1  C  1 
i  rs  i 

COON  CM  LTivOCM^r  ONONC-— ONVOONONf'-*— 

coc^=r  in 

vO^vOvO 

v£>00  LAST  O'XJO'in 

mo 

r*  »— 

CM 

O  1 

cmvoon*— «— -=t(MCm*—  co*~  t—  inco  inoo 

mocvjf- 

CMCMinm 

ST  m(M  m*-VO  r-=r 

in-=r 

o 

1  O  1 

1 

CM 

1  1 

1  (0  1 
i  n  i 

1  O  1 

vo.=r  *-vovovocos-=r  mocozrONincM 
*- c-on-=t  cm  coco  c-ON  m=r  vo  mr- in  cm 

uNco*-3-'OC^NSvoinfnosmcom 
-X)  o>  mtn  f-ON min  f-co  o m 

f-C-^-VO 

co  in  cm 
omins 

vO  t — 00  On 

mmcMO 
=T  OCMin 
oo  oo  t-  in 

r—  CM  prvT 

t—  00  VO  OnONvO  *—  »— 

ooo  CMCfNOvO  inoo 
cm  oo  cm  f-o  min 

VO  t^COOOONONON 

mo 

CMm 
ON  On 
ON  ON 

1  0-  1 

1  1 

1  1 

cm  o  o  onoo  t-vo  vo  in^r  mCM  cm  *- o 
,=r  mmmmmmmmmmmm 

vO  VO  vO  VO  vO  VO  vO  VO  vO  vO  VO  VO  vO  vO  VO  vO 
mmmmcnmmmmmcnmmmcnm 

aot'-voin 
CM  CM  CM  CM 
vO  VO  vO  VO 

mmmcn 

=x  cocm  *- 

CM  CM  CM  CM 
vO  VO  VO  VO 
mm  mm 

oo  t— vo  m=r  mcM  »- 

vOvOvOvOvO  vOVDvO 

mmmmmmmm 

cot- 

oo 

VOVO 

mm 

CM 
O  I 
O  I 
O  I 


I  ’“a 
1 


-  cm  m=r  mvo  s-co  on  o «—  cm  m=r  invo  t— co  on  o  *-  c\j  mar  ltvmd  s-co  on  o  «-  cvj  <*■«“  invo  s-co  on  o  *-  cm  m^- 
*—*—*—*—*—*— r—r— «—*— cmcmcmcmcmcmcmcmcmcm  mmmmmmmmm<vv3--=r‘3*^r -=r 


o  r»  s- 
CM  CM  CM 

ootn*- 
I  *-(M 
I 

votnoN 
C — vO  CM 
COO*- 
00  VO  CO 
•  •  • 
VO  S-CO 


VO  VO  VO 
rococo 


oono  t— c— r- cm  in 

voooin 

to  tn  m  t—  in  t-'O  oo  oo  v£>  1— 

o 

on  mm 
*—  CM 

vo 

vo  onvo  r-  moN  cm  o 
i  i  «- 

i 

*-in-=r 
i  I 

o  *—  on^tvo  *— CM<M-=r  m=r  mo  in  on 
i  ii  ii*- 

i 

i 

ovoin 
i  *- 

*— 

i 

C—JT00*“»-t-O*- 

oo  t—  t—  on  o  mcM 
covo  mo  in*—  in  on 
o  C— =T  x~  C—-=r  OvO 

C— CMC— 
vooNm 
vOC— oo 
in*—  c— 

=r  in  03-  m*-  c—mooovooN*-m^- 
in*~o.=r  CM-=rcovoooinmoN 

t— VO-=T  •~00^S’Ov3*00*--srvO00ONON 

onltn*- t— cMoomoN-=r  omoinoin 

=r 

VO 

oo 

in 

ooNin 

o*-o 

in  CM  ON 
ino^r 

O' 

O 

in 

co 

*-r-cMmcn=rinir» 

in  in  in  in  in  in  in  in 
vo  vO  vO  vO  VO  vO  VO  vO 
mmmmmmmm 

tAoco 
in  in  in 
vOvOvO 
mmm 

ONO*-*-CM<MmrrvrininvOvoc—c— 
mvOvO  VOvOvO  vDvOvO  VOvOvO  VOVOVO 
vOvOvO  vOVOvO  vOvOvO  vD  VOvOvOvOvO 

mmmmmmmmmmmmmmm 

co 

vo 

vo 

m 

ONOO 
voe— c— 
VOvOvO 
mmm 

c— 

vO 

m 

O  1 

C  1 

t-m 

|=>| 

CM  t— 

1  O  1 

ms 

1  1  1 

*-  i 

l  O  1 

1  1 

1  1 

CM  CO 

co 

i  <n  i 

=T=T 

CM 

1  £>  1 

m=r 

vo 

1  O  1 

l  1 

s-=r 

1  1 

1  0C  1 

in 

inmos-incoomoNCO 
*—*—«—*—  OJ  CM  *— 

*-  CMvO  CM  COO  LOO  VO  VO 
*-*-  I  CM  *~*~ 

I  I 

cm  tnooco  cm  *—  o  *—  in=r 
inrooovo  coovo  ino*ON 
inin.=r  mcMOt— srovo 
oo  in  cm  onvo  roo>vo  mo\ 


zr  roinvo  in  in  s-co  loco  *^  o 

-=T  *—  COLO  C—  CM-=T  in*- moo  in 
I  «■“  I  I  *—  — 

I  I 

r- lovo  ctv  o  vo  o  ov3- -=r  cm  ro 
roo  avinvo  o  moo  oMrva- cm 

s-cMinoN<Mins-cooNOOO 
CM  ON  in  *-  00  -=T  O  VO  CM  OHO  *- 


VO  S-0000  OnO  O  *—  CM  CM 

mm  mmmmtvvT^^Aj’q- 

ITiITN  lOinLOirilTlLOLOlTNlfNin 

mm  mmmmmmmmmm 


^  | 

O  1 

C  1 

st  c—invo 

voooococ— s-o 

os 

I  i 

D  1 

CM  *-*- 

*-*—  *- 

m  i 

1 

O  1 

o*- vo*=r 

vo  (M-=r  T- c— CM  o 

oin 

^ —  i 

t  1 

*-  i  *-  i 

r-  |  r— 

O  1 

O  1 

1 

I  i 

1  1 

O  1 
CM  1 

1 

OOCOVO 

O  vo  on  ONOO  vo  VO 

com 

CO  1 

0000  O*- 

r-moNOvooun 

vOO 

O  1 

ONin*— vo 

ao  *—  rovoscoON 

ON  ON 

O  1 

omvooo 

incoocM^rvoco 

cm^t 

1 

a.  i 

*-OONOO 

vo  inin-=T  mcM  *— 

OON 

i 

mmcMCM 

CM  CM  CM  CM  CM  CM  CM 

CM*- 

i 

in  in  in  in 

in  in  in  in  in  in  in 

inm 

i 

i 

i 

mmmm 

mmmmmmm 

mm 

sTsr  LOvOvO  S-COCOOnONO*— 

in  in  in  in  in  in  in  in  in  in  in  in 
mmmmmmmmmmmm 


oryyvo-sroNt— me— voonon 
CM 

cor-fMr*  *—■ =r  nvo^r  oo  on 

I  i  *—  l  i 


oo  invovo  mmvo  t—vovo 
oo^rmscoojmconm 
vo^r »— co-=r  ovo  *--  inoNm 
coocMmins-coo*— cm.=J“ 


^VO 

in^roNmooNs- 
*—  *— 

rvis-ONm 

on  in 

i 

CMOoom=r  *-m 

*-  l 

i 

ON*-in*- 
i  i  *- 

i 

cm<=t 

ONOO 

t— in 
CM  co 

OOONSOCMS 

inoominoNs 
ot—moomc—f- 
oin*— vocm  s-m 

GO  O  CM  *— 

o^=r*-m 

socvjm 

mousroN 

3552. 

3552. 

^r^rininvovos- 
in  in  in  in  in  tn  in 
in  in  in  in  in  in  in 
mmmmmmm 

oo  oo  ON  O' 

in  in  in  in 
in  in  in  in 
mmmm 

coo»  min 
CM 


VO  CO  CM 


omovo 
cm  moo  o 
ont-cm«=t 

VO  00  On  O 


cocoon  cm  mcMoo  on  in 


n  cm  inmov=T  m=r  m 

r—  I  *—  I  •—  I 

I  I 

C0S-*-O  r-JTO'O  »- 
ov=r  s-cm-=t  o-=r  o  oo 
stst  m  cm  o  co  in  cm  m 
cm  m=r  invovo  s-co  on 


s-svo  in-=r  mcM  cMr-ooN  s-voinin 
*-  *- T-  t-  *-  *-  *- r-*  *-  o  oooo 
in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 
mmmmmmmmmmm  mmcom 


mcvj  *—  o  onoo  s-vo 
ooooonononon  On 
inininin-=r  ^r-=r-=r  ^r 
mmmmcommm  m 


o  cm  m=r  invo  r-oo  on  o  *- cm  m^*  invo  c^-oo  os  o cm  m=r  invo  c^-oo  on  o »- cm  m=r  invo  c^-«o  on  o  cm  co=r 

r— «—*—*— cmcmcmcmcmcmcmcmcmcm  mmmmmmmmmm^r  stst 


263 


V  V  . 
>  /.  A 

■Wv 

■v->j 


•Wj 

H 

;<SV 

&;$s 

y. 

y.y.y. 


,4 


v.v.v, 

v.vv 

ir*« 

■ -M  A  , 

Vv.’ 


>>:• 


tnvo  s-co  ov  o  *-  cm  m=r  invo  s-co  on 
■^•^^■^.^ininininininmininin 


OO 

CM 

co-=r 

T— 

ON 

coo 

1  1 

t-o 

T 

m 

ins- 

s-co 

in 

mo 

-=r  in 

o 

OCM 

o.- 

CM 

CM  S- 

o^r 

vo 

•  • 

•  • 

• 

CM  CM 

-=r-=r 

in 

S-S- 

b-s- 

s- 

vOvO 

vOvO 

vo 

mm 

mm 

i  m 

cmocm 

CM 

voos- 

t-  t- 

CM 

r-  t—  CM 

ON*- CM 

vo 

VON r- 

t  1  I 

1 

1 

OOOvO 

C^ 

oov=r 

mt-m 

00 

in  min 

sinm 

VO 

corns 

OOO 

oo 

t—S-vO 

•  •  • 

• 

•  •  • 

u%=r  m 

4 — 

ocos- 

ooo 

o 

ooo 

vOvOvO 

vo 

in  in  in 

mmm 

m 

mmm 

m  *-o 

O'*  OVOV 

■=r  ^-=r 

on  mm 


invo  s-co  oo  *-  cvj  m=r  mvo  s-co  on 
xr  sr  in  in  in  in  in  in  in  in  in  in 


i  i 

a  i 

C  1 

•=r 

oso  omvo 

CM  O 

r>  i 

*- 

*-<\j 

«— *- 

i  i 

a  i 

CM 

CMmr-iA=ro 

CM-=r 

i  i 

^  r- 

i  i 

1  O  1 
i  i 

i 

in 

1 

S-  CM  00  CM  -=3*  VO 

oo^r 

(0  1 

m 

vOCMO^vOf- 

ovo 

O  1 

vO 

^rco*-mins- 

00  oo 

O  1 

s- 

CM.sr  s-Of-m 

Of- 

1 

• 

•  • 

1  CL  | 

m 

CM  f—  O  O  OCO 

in  m 

1 

s- 

S-S-S- vOvOvO 

VOvO 

1 

vo 

vOvOvO VOvOvO 

VOVO 

1 

1 

m 

mmmmmm 

mm 

Of-(Mm=r  invo  s-co  oo»- cm  m=r  invo  scooo*- cm  m^r 

»— f— f— f— »-*-f— r-,— CMCMCMCMCM 


t*-vo.=rincoo  .=roms-  cm  s-  cm  int-ost-covooo 


ooomc^cM 

*-  i  *—  i 


vOinf-CMCOOOf-CM.=r  OCOvO-=3-vOCO 

II  II  III  I  »— 


mmvocMos- 
-=rocM  m=r.sr 
CM-=rinvOvOvO 
OMO  mo 


irf-inroocor-»-cot^aN^oi/Mr»io 
t — cnj  cm  s-s-mino  r-  c--os-o  t^-ovo 
rr  ooi-co  LncMoo-=r  omt*-*-  ins-o*- 
coinc\jcoincMaoinf-co.=r  *-c^movo 


aooOf-f-CM 

s- s-co  co  coco 
vOvOvO  vOvOvO 

mmmmmm 


m=r  in  invo  t*- s-co  ooof-*- cm  cm  m 
oococooocooooooooocooooooo 

VOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVO 

mmmmmmmmmmmmmmmm 


coos-=r  cmvo 

O 

C — vO 

ins- cm 

i 

i 

1 

1 

1 

• 

O  1 

C  1 

ocr*«—=rmcM 

zT 

O^X 

CM 

ooo  mo 

CM 

T“*“ 

f-f-CM 

i 

< 

1 

1 

:=>  i 

CM  t—  CM  CM 

r— 

*- 

T- 

minor-  ovo 

T— 

=rxr 

invooo 

i 

i 

1 

1 

o ! 

CMvOOOCOCO 

m 

CM  CM 

VO 

CMt-s-=r 

1  1  »- 
I 

' 

r— 

i 

i 

1 

1 

i  i 

O  1 

t-  I  <-»-«- 

1  1 

i 

1 

II  ii 

s- mo  incoco 

■=r 

S-S- 

r-om 

i 

i 

1 

1 

\ 

1 

t^inmcMovvo 

vO 

■=TVO 

^r 

m*-cMOco 

mooomin 

vo 

-=r 

ms-vo 

1  oo 

1 

(0  1 

vo  ooo*-f— 

cO 

O*- 

m 

•=roc^voao 

^r^rmcMT-ON 

m 

ino 

ovCMin 

1  CM 

1 

n  i 

co  s-=r  «-co.=r 

CM 

O  CM 

CM 

ovo  mo-=r 

o-=r  o-=r  co 

oo 

S-CM 

omo 

1  VO 

1 

O  1 

CM  OvO  mOvO 

O 

00 -ST 

vo 

smo>fl-o 

•  *•••* 

• 

•  • 

•  •  • 

1 

1 

i 

• 

•  • 

• 

•  •  •  •  • 

O  O’*—  CM  CM 

m 

•=r  in 

VOvOvO 

1 

1 

CC  1 

mmsrintnvo 

S- 

OO 

4 — 

c\j  mm=r  in 

vOvOvO  vOvOvO 

vo 

vovo 

vOvOvO 

|  «— 

1 

1 

zf  zf  ZT  ZT  z? 

ZT 

■=t  in 

in 

in  in  in  in  in 

in  in  in  in  in  in 

in 

in  in 

in  in  in 

1  o 

1 

l 

in  in  in  in  in  in 

in 

in  in 

in 

in  in  in  in  in 

mmmmmm 

m 

mm 

mmm 

1  o 

1 

1 

mmmmmm 

m 

mm 

m 

mmmmm 

1  r-  | 

a  i 

oomvo 

i  i 

C  1 

o«- 

m 

ov 

-=r 

ov=rvoo 

inmvos- 

cm  in 

i  i  i 

=5  1 

CM 

f-CMr-^ 

CMCM  r— r- 

ooo 

1  CM  1 

o ! 

CMS- 

On 

CM 

voins-e^ 

S-f~S-C^ 

s~=r-^“ 

CM 

1  1 

i  i 

T— 

1 

« -  T—  I  I 

t—  CM  | 

i  t- 

1 

1  O  1 

O  1 

1 

1 

i 

1  O  1 

1 

vO  O  O 

1  CM  1 

1 

s-a> 

CM 

T— 

in 

co  co  ms- 

CTMnOCM 

CT*VO  <r— 

coo-=r 

1  1 

CO  1 

OvO 

S- 

vo 

vo 

OCMf-r- 

cm  s-o  in 

Of- in 

«-CM»- 

1  1 

O  1 

com 

CO 

r— 

•“ 

<j>vo  mov 

O' CM  vo  00 

r-f-O 

CM  CM  CM 

1  1 

O  1 

cm  in 

a* 

m 

iDCOOr* 

^TVO  s-oo 

f-<Mm 

u%=r  m 

1  1 

CL  | 

oo 

•5“ 

CM 

y— 

avcooos- 

in-=r  mcM 

f-oav 

co  coco 

1  1 

1 

mm 

m 

m 

m 

CM  CM  CM  CM 

CM  CM  CM  CM 

CM  CM  f— 

^zr^r 

1  1 

1 

in  in 

in 

in 

in 

in  in  in  in 

in  in  in  in 

in  in  in 

mmm 

1  1 

1 

mm 

m 

m 

m 

mmmm 

mmmm 

mmm 

o  f-  cm  m=r  in  vo  t—oo  a*o» 


cv  m=r  in  vo  s-oo  a*Ot-(\j  m^r 
•— f— CMCMCNJCMCM 


r  ,*  V 

•M  >  ,1 

>  v  v> 

&& 


.>  .*•  .•• 


vs  > 


WWo'v' 


aa  p-a  o  o  *-  rvj  m^-  aa  p-a  o  o «-  cm  prw=r  aa  p-a  o  o  *-  cm  m 
cm  cm  co  cm  cm  mmmmpnmmmmm^r^rzr -=T^r^r.=r.=r-=r.=j-  A  A  a  A 


a  a  a  o  cncvj  cm-=t  o  oa 


pocm  o  aooao  a*— -=r 

I  I  *-r-  --III 


A  CM  OOO  OA  OO  APOO 

-^-=ro*-AAPO=r  omo 

^^romr-^t-4-T-^m 

-3- o  a  cm  A  poo  a  a  cm 


aaap-c— AAOOO*- 

(7'0'CT'(J'0'CT'Cy'0'0  o  o 

A  A  A  A  A  A  A  A  p^p-'-C— 
mmmmmm  rororomm 


i 

1  o 

aao 

o osr 

i 

1  c 

vO 

o 

voco-=r  mmom 

•— 

i 

* 

1  o 

*- 

*“ 

LO  CM  CM 

(M*~ 

i 

i 

!  o 

p- 

m 

mm--  meg  om 

v—  r—  * — 

*— 

i 

1  1 

i — 

1  1  1  1  1  r-  | 

1  1 

i 

i 

»  o 

i 

1 

A  LOO 

t— CM 

1  CO 

1 

LA 

o 

m^r  pa=t  iA^r  cm 

OOO 

sTST 

1  CM 

1  « 

P- 

oo 

vo  t—mmoovo  cm 

CM^r  LA 

p-p- 

1  vO 

»  o 

m 

p- 

OOOOOvO^T  CM 

LAO  A 

lAO 

1 

1  o 

CM 

vO 

OP-^r  r-COLACM 

•  •  • 

•  • 

1 

1 

* 

• 

•  •••••• 

AAA 

P-A 

)  4h 

1  oc 

o 

«>— 

mro=r  LAiAvo  p- 

OOO 

OO 

1  *— 

1 

•=r 

.S3"  ST  ^T  ^T  ST  -=T  ^r 

p-p-p- 

p-  p- 

1  O 

1 

LA 

LA 

LA  LA  LA  LA  LA  LA  LA 

mmm 

mm 

1  V- 

1 

m 

m 

mmmmmmm 

a  p-^r  cm  o  cm  cm  *^  mCM 


-=r  a-=x  p-a  poo  *-  *-  eg 
*-*-*-  i  i  oj  eg  i 
l  l  I 


AOPO*-CM-=r  LOGO  CO  00 
.=r  A  A*-mAA  moo 
cmpo=t  Airv=r  pocm*-a 
gooo  *— cmpo^t  aaa 


o  O' o>oo  p-a  A.=r  pooj 


A AAA AAA A A A 
mmmmmmmmmm 


ST  *— 

P— CM  «- 

CM  *- 

*—*—*— 

A*— 

A-=r-=T 

*-  1 

1 

-=T  LA 

p-A.=r 

LAO 

oo  »-o 

POO 

*—  p—*— 

coco 

oo«- 

OO 

OOpTo 

st  pn 

mmm 

VO  vO 

vOvOvO 

mm 

mmm 

oco 

moo 

oo  ooo 

O  CM 

AGO 

p- 

m 

mNOa- 

.=r 

CM*— 

C\J 

*—  r* 

*—  -—  CM  *— 

AP- 

oo 

jj-vooo 

1  I 

P— A 

1  1 

OO 

77 

A 

*— 

opo=t  m 

CM 

1 

vO*- 

*—  CM 

UVTVOO 

*-vO 

CM  •— 

O 

A 

o  APOCM 

A 

iAm 

LAO 

P-O  A*— 

OP- 

O  A 

ST 

A 

omoo 

m 

om 

OOO 

OOOOvO 

AO 

AO 

CM 

O 

in  CM  00  (M 

o 

LA*- 

*— vO 

S*-vOr- 

AO 

OOCM 

m 

o^r  p-«- 

A 

LA  VO 

P-t- 

CO  OOO 

,J  r- 

CMm 

ST 

A 

AAA  P- 

P- 

LA  LA 

LA  LA 

ALA  LA  VO 

lOvO 

AA 

A 

A 

AA  AA 

A 

LA  LA 

LA  LA 

A  A  A  A 

AA 

AA 

A 

A 

ininmtri 

A 

mm 

mm 

mmmm 

mm 

mm 

m 

m 

mmmm 

m 

COLA 

*-o 

0O  AO 

OOCM  POA  CM  CM 

i  m 

int-  rocr'oo  cnc\i 

*— 

*— 

T“  ’ 

*—  *— 1 

CM  *-*- 

*— 

CM 

CM  CM*- 

■  CM 

-st 

i 


lt\=t 

I 


o  a 

i 


lT\mf004  y00  *- 


AP- 
*-  I 


omiTKOi- 

<\j  I  cm  i 

I 


om 

oo 

o 

OP- 

ppv=r-=r  p-^t  oa 

A 

mm 

CMO 

P-A 

*-o«—AmcM-=r 

o 

OP- 

*— A 

A 

CM-=r 

t — A  A-=T  CM  O  A 

A 

pr\=r 

AA 

P- 

AA 

A  A  AAA  P-P- 

A 

COP 

irv=r 

CM 

oo 

p-a  A^r  mcM  *- 

O 

r—  »— 

V— 

*-o 

ooooooo 

O 

AA 

AA 

A 

AA 

A A AAAAA 

sf 

mm 

mm 

m 

mm 

mmmmmmm 

m 

oa 

POP- 

poa 

a-=t 


acmpoacm 
o « —  ap— co 

AOAP-A 
CM  r-OOA 


P-A 

oo 


mm  mmmmm 


*"D  |  *— CM  P03*  A  A  C — CO  O  O  *— 


I 

O  I 


c 

AO  POO 

P-A 

o 

CM*-*- 

«“ 

CJ 

CMPOsr  m 

OP 

1 

i  i 

1  CM 

o 

-=T  OVA  A 

1 

OA 

(0 

a  p-mm 

AO 

o 

o-=rom 

OCM 

o 

CM  AP-O 

sr  p- 

•  •  •  • 

•  • 

a. 

P-A  A  A 

mcM 

mmmm 

mm 

A  A  A  A 

AA 

mmmm 

mm 

o 

c 

ao  m 

AAA  AO 

o 

*-  CM 

o 

OP-  P- 

mpoAOm 

1 

* —  * —  1 

ill  l 

o 

A*-  *- 

P-A  O  A  CM 

CO 

C--P-  P- 

P— CM  *—  Am 

A 

mA  p- 

A  Amop— 

O 

cmo  m 

*— a  a*— 

•  •  • 

. 

QC 

OO  CM 

ST  AAA  P— 

^r 

STSTSTSTST 

AA  A 

AAAAA 

mm  m 

mmmmm 

O 

c 

AO  poo 

PACMtOP 

o 

CM*-*- 

*—  *—  CM  CM 

o 

OP-mcM 

omcMo*— 

1 

»—  V—  *— 

*-*-r-CM  | 

o 

1  1  1  1 

OVA  A 

OC04  *—  CM 

n 

a  p-mm 

A  OP— OCM 

o 

o^-om 

OCMPO=r  A 

o 

CM  AP-O 

fl’POf-m 

•  •  •  • 

a. 

P-A  A  A 

mcM*-*-o 

mmmm 

mmmmm 

A  AAA 

AAAAA 

mmmm 

mmmmm 

aa  p-a  o  o  --  oj  ro^  aa  p-a  o  o  *—  eg  post  aa  p-a  o  o  «-  oo  m 
cm  cm  cm  cm  cm  mmmmmmmmmco=r  ^-.=rjd-.a-.=r.=r.=r.3-.=rAAAA 


cm  ro=r  aa  p-a  o  o 


I  •»»  '  (l  %  1> 


<\J  CO=T  AvO  t—CO  ONO  CM  0O=T  AMD  [•— CO  O'  O  *-  CM  00=3-  L nvO  t— 00  0>O  »—  C\J  CO=r  AvO  t^-QO  O'  O  *-  CM  COT  AvO  C^-CO  OO  «~ 
*-*—*—»-*— *-*-*-cmcmcmcmcmcmc\jcm  cm  cm  rn  rococo  co  corn  coco  cn=o--=r  =3- -=r-=r.=T.=r.=J--=r.=r  aaa  a  a  a  a  a  aavOvo 


■=rcn=r  A-^cncn=3-  rococna-^r  m(^o>  vda=tvoa-=j-  men 


t-~VD*=T-=rvO 

CM 


0'0'0nt--0  CO  C00'0r'0>i-0'00v0  OvO  A 


on*-  o  cm  * —  o  * —  cm  f—  *—  r—  cm  co,-.=rvo 
II  II  III 


=*  cm  ooa*—  *-  *-  oo 

*-  I  I 


aO  cm  *- 
I  CM 


t-00  vOvOOV*- 
I  I  *-  I  I  I 


■  mvo-=r  *— co  oo*—  a*— -=r 
-  I  I  I  I  *-  •-  I 


*—00  CTvOO  O  C-  O  O'  C^-00  =*  vO  VO  *-  CM  O 

T-.=r  cvj  a  on=r*-*- cm*- -=r  on  a  cm 

CT>  A*— v£>  AO'CM-^TvOOOO'O'O'CO  t*- 
00  ACMOO  A*-  C— =T  OvO  CM  CO -=5“  OvO  CM 


■=r  Amvoc— ^rvo  A 
*~  O  a=t  MTiNir 
COO  VO  CM  t— CM  VO  O 
■ST  OlTir-vO  CVJ  C"-0O 


AO  *-  CM  CM 
OO'COr- A 
vO  f-O'O  O 
onoocno'<=3- 


CM  C— 00  ACM  O 
OvCO=r  ACM-=T 
00  C— ACM  O' A 
COCO  COOO  CM  C— 


-=T  *— O'*— -=3-  CM  AOvGO  AO 
O'*—  C-CT>-=r  Avo  oncor — vo 

AOCOvOOt—  CM  COCOCvj  *— 
vO  A  O  COCO  CM  vO  O -=3“  0O 


C^-GOO'0'0*-*-CMOOOO=r^r  AVOVO  C^- 
-=T -=3- -=T -=r  A  A  A  A  A  A  A  A  A  A  A  A 
A AAA AAAAAAAAAAA A 
CO  CO  CO  CO  COCO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO 


COO-nOvOO*— *— (\J 
A  AAA  VO  VO  VO  VO 
AAAAAAAA 
COCOCO  COCOCOOOCO 


cnco=r<=r  a 
vOvO  vOvO  A 
A  A  A  A  A 
CO  CO  CO  CO  CO 


A  A  C-C-OOCO 
vOvO  AA  A  A 
A  A  A  A  A  A 
CO  COCOCO  CO  CO 


O'OOO*— *— CMCM  COCOCO 

AAAAAAAAAAA 
CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO 


^=3  a  coco=r  oo=r  -=r  co^r  -=r  oo -=r  co^r  a  -=r  c^- coh- A  co  a*^  a  cost  a  oo=r 


c-cr  r-OQCO  A(M  COCO*— OO  CO  O'  y— 


CM  A  r-  t—  CM  CO  CM  *—  CM  CM  CO*-  COO  O'rOOOCM  CM  C^-CM  *~  f^O  A-=T  GO  CM  *— A  O  r—  COO  CM 

CM  I  I  |  1  I  |  I  |  |  III  II  I  *-  | 


OCMOvO*-C0*-0000*- A*-vO-=T 
*-  I  *—  I  *—  I  *—  I  I  I 


At—  COA  A  A*— A  *— vo  C— O'VO  ACM  =T  *—  CM  A  CO  A*—  (M  i— iTAO^NAA  C^CM  E — COCM 
AVOOVAA  Ab-CO=r  OvOv^r^r  AAOOvt-COt-C'-ACO^'C^C-CMO  ACM  CM  O'*  ON  A  A 
AvO  A^T  C\JON^r  O  AO  AO>CM  AGO  On*—  *—  CM*-  OOVS- =T  *— CO-=T  Ov.=r  OO  *— ^3  C^-O' 
At'-O'*— OOAvOCOO*— COzr  At''-COO'OCMOn=3’  AvOvOt— COO'O'OO*— *— CMCMCMCM 


C^-A  O  CM  A  AAA  O  CM  AGO  AO 
C-— O  0*0  A  A  *—00  t—  O  O  C — C— CM 
*—  CM  *—  *—  O' C*— A*— CO -=J-  Oven  t“—*— 
AAA  ACM  CM  CM  CM  *—  «—  O  O  O' O' 


0*00  C--  C— A  A-=T  A  ACM  *-  O  O'  A  C'-vO  A  A-=T  ACM  *—  O  OvoO  C— vO  A  A=T  ACM  i-OO' 
CMCMCMCMCMCMCMCMOJCMCMCM*—*— »—*—*— t-»— »— t— *— t— OOOOOOOOOOOCT' 
A A A A A A AAA A A A A A A A A A A A A A A A A A A AAAAAAAA 
A  A  ACO  ACO  ACO  A  ACO  ACO  ACOCO  ACO  A  COCO  A  CO  ACO  A  CO  CO  ACO  ACO  A  A  CO 


C-VO  A=T  ACM  *-  O  O'* 00  C-VO^T  A 
O' O' O' O' O' O' O' O'COCO  CO  CO  GO  CO 

AAA AAA AAAAAAAA 


a=t  vo  a  a  a  a  r-  ago  a  in^r  a  avo  oo 

GO 

COOO  CM°0  CO=T  CO 

T—  * — 

At^J-a* 

lAvo  -=r  co  •-  --  O 

OOOVO 
*—  * —  * — 

« — 

1 

^  CM  ^3“ vO  ACM  CM  AO -=T  CM  O  vO  A*- CM -=T  *- 

II  *-  I*- 

CM 

cm  ifV3-  *~^r 

l  ^  ill 

1 

*-  COCOA 

1  1  1 

AvO  t^-  CO*—  OvO 

1  1  *—  1  1  *-  « 

1 

COOO  ^3- 

1  1 

CM 

A 

A 

GO 

O'*—  AO  *—  C^-C — O' CM  I00'r*4’0'(\j  AO' 
*—  A*^  C — AO'OO  *—  O'*— VO  AA  C^-CO  A  AC — A 
•=raOCM  A00O*- CM  ACMCMOOO  AC\JOO-=r  O'AC'- 
*—  C^-^r  OVO  ACT*  At-  AOV^T  o vo  *—  C^-CMOO  A 

CO 

CM 

CO 

ZT 

Ot-VOOCOAr- 
ACOCM  OOO  *— GO 
vO  t— C^-C^- A-=T  t- 
-=r  cTv^r  Ov=r  ov=r 

OvO  CO*— 

-=r  *-«=r  o 

A*— vO  *— 
COOO  CM  l*— 

t'-O'O'*— Ot^-OCT* 
COO  O  {>-vO  ACM 
G0*—OVTAAAi3- 

AO^roo(Mvoo-=r 

ooo-=r 

COCOC-- 

oc-co 
CM  A  O' 

A 

A 

OvervO «—  *—  CM  CM  Al=r-=r  A  Avo  f—C^-OOAO'O'O 
•=T^r  AAAAAAAAAAA  AAAAAAVO 
AAAAAAAA A AAAAAAAAAAA 
co  rornrorooo  corn  rococo  rococo  co  corn  rococo 

VO 

A 

CO 

cm  cm  coco=r -=r  a 
vO  VO  vO  VO  vO  vO  VO 
A  A  A  A  A  A  A 
COCO  CO  CO  COCO  CO 

vOvO  C— [■— 
VO  VO  vO  VO 

A  A  A  A 
co  rococo 

OOO'O'O'OOf-r- 
vOvOvOvOC^-t— C^-C^- 
AAAAAAAA 
co  co  co  co  co  rococo 

CM  CM  CM 

t-C'-C'- 

A  A  A 
rococo 

Avo  in  co^r^r  ooa  coco  avo 


-=T  0-=T  LA-3*  vo  a  AlCICOCO  Atv-CO  C — C-"-*— vO-=3- vO  CM  E1— C — OO  AC'- A  A*- CM  vO  O  00  Ov^-.=r 


*-  O  CM  in  CM  1—  *-  CM  A*-  A  A 
CM  |  I  |  I  | 


*-  A  «—  in  *-  CM  C-  T-  CM  ASvO  Ain  LCV^  Avo  C— ■=}-  A  CO*-  ZT  CM  O  A  CM  C-  *-  A  *-  A  *-  A 

«-  III  I  I  I  I  *-*-  III  III 

I  I 


O*-^  (MOMiVJCDmNO  (M 
Ain  AvO  «—  CM  C— vO  OC-OLO 
A-=T  CO*—  0*vO  CM  A -=3- A  Avo 
LAC- O'*—  CM .sT vO  C— 0*0  CM  A 


in  ACM  A  A  *— A *—  CM  *—  ▼— CO-=3"  C— O  AfMvDAvO^  O  A*— OOvOOO  COA  IOA31  rOO'^’^A 
O  C^-CMO'O  A  A  OA  »~COCO  ACM  A  CO=T  O'O' A  A  AO  O  lT\  AvO  CO-=T  A  A  O  A  t — A*— -=T 
cm  AininAin^r  aoa-=t  oa  ^  inO'<M-=3- a  AO'O'O'A  A-=r  f-co3-0'^ov(MinAOr- 
ai^aovo*-  cm  coa--=r  invOA  smo  aco  aa  aco  a  aooa  snaa  inw  aa(^ 


O' A  C-t— A  in*=T  ACM  CM  i—  O 
CMCMCMCMCMCVJCMCMCMCMCMOvJ 

in  in  in  a  Ain  Ain  in  a  in  a 

A AAA AAAAAAAA 


A  C — A  A  A=T  ACM  *—  O  O'  A  C^A  ITVT  ACM  «“*  O  O' A  t"-A  A^T  ACM  *-  O  O'A  C— A  A -=3*  A 
T- f- f— *— *— *— *— ^- *— *— O  O  O  O  O  o  O  O  O  O  O'O'O'O'O'O'O'O'O'OvA  A  A  A  A  A  A 
A  A  A  A  A  A  A  A  A  A  A  A  A  A  A  A  A  A  A  A-=T-=T^T-=r -=r -=r-=T-=r  •=3--=T-=r -=T^=r-=r^r -=r 
AAAAAAAAAAAAA AAAAAAAA AAAAAAAA AAAAAAAA 


CM  A=T  AvO  t^-OO  O'  O  *-  CM  A^  AvO  t^-OO  O'  O  *—  CM  A=J*  AvO  C^-00  O'  O  *-  CM  A=T  AvO  C — 00  O'  O  *—  CM  A=T  AvD  C — CO  0*0  *— 
CM  CM  CM  CM  CM  CM  CM  CM  CM  C\J  AAAAAAAAA  A=3*^r  •=r-=r-=r-=T-=3*<=3*^r^r  A  A  A  A  A  A  A  A  A  AVOVO 


■yyy 


/  vv  * 

r%  V  v 
>  VV1 


s'*:v:vi 


.v.v.Vl 


V  V  V 

I  '•* 


sasfi 


•;  -s- 1 

r.  w 
- %  *  *  .\*< 


vet 


K  WH.'V.W '•  ’  ■  ^ 


■~,V  >v 


IT 

I 


C^OO  O' O  *- ro  CO=T  IT^VO  c^-co  O  •- <\J  prv=r  LO^O  |>-aD  O' o  r- CM  orvr  Lf\VO 
mmmm  m^r  <=r  -=r  -=r  *=r  Jr  .=r  ^  in  in  in  in  in  in  in  in  in  invo vo  vo  vo  vo  vo  vo 


1 

inc^-oo  *- 

N.’ 

movjoo  *- 

% 

\ 

oinb-  m 

% 

mcMt-  »- 

corner  m 

% 

1 

cm no  *- 

vo  c — oo  cn 
ooo  o 
c— c*— r—  co¬ 
mmon  m 

A 

1 

in  irw=r  vo  vO  On  ON 

CM  CM  r--=T  CM  t--cn 

moo  inco  t^-t-in 
inr-mo  cm  o-=r 

voinm*— co  in*— 

•*- 

ono*— cm  cm  m=r 

inininininiru=r 

L‘ 

VO  VO  VO  VO  vo  VO  VO 

mmmmmmm 

i  i 


»  *- 


i  i 


t^-mooNc*— =jonco  mcMvoco.=rONco*— on 
moo  cm  m=r  on  o  tnvo  mmoN  c\j  co  on  c^-  o 


c —  c\j  c- — cnj  t — cm  c*— cm  t**-*— vo  *—  mo-=r  ONm 
o  *-  *-  c\j  cm  mm=r  .=r  in  invo  vo  t^-  c^-  t^-co 


on 

i 


m 

on 


c\j 

on 


e--mvom 

*-  CM  CM 


CMOvom 
I  *-*-CM 


mmmmmmmmmmmmmmmmm  m 


mm  men 


-  min«--=rvo 


irurv^f-mma' 

i  i  i  i  i  i 


co  vooN*--=rvom 
*—  LTur  OnOV=T  vO 

b-*-  moo  *— =r  vo 

IOvOvOvO 


t^-  coctncmoo  cm  cm  mao  inc\j  m 


in  *—  Leva-  rnvo -=r  ^=r  co  t^-*—  vo 
I  ii  i  «“  l 


oo  ONmoNt'-vovo  inc^-:=rvo  vo 
cm  cm  ommoo  oo -=r^rmvo 

on  o  ooNcovo-=r  cmonvo  cm  m 
r-  coco  t —  t —  c —  ^ t'—vo vo vo  to 


vo  irv=r  mcM  »—  o 


vO  vO  vo  vO  vO  vO  vO 
mmmmmmm 


co  vo  irv=r  mcM *—  o  onco  f-  in 
m  mmmmmmmcM  cm  cm  cm 
vO  vOvOvOvOvOvOvOvOvOvO  vo 
m  mmmmmmmmmm  m 


a3  co  com 

vojtco 

ON 

t— CO  t^-vO  On 

voovcoommo 

in 

ON 

CM 

CM 

•— 

r— 

*“ 

*-*-  CM*-*-*- 

CM 

CM 

mm*--=r 

*—  *-  m 

CM 

f\jaoooco 

in  cm*-  mco  mm 

o 

*— 

oo 

*~  I 

CM*-  1 

VO 

*-*-  1  1 

1  1 

»  CM  •-  1 

i  i 

*■" 

CM 

mm coon 

oovom 

m 

on-=j  int^-in 

in  on  on  in  in  vo  *— 

, _ 

On 

00 

-=r 

ovovocm 

oovdco 

men  On  mm 

mmcMCMOOvm 

oo 

On 

r— 

*— 

vocoocm 

mmeM 

O 

3-0>OOJS 

mco  *—  mmmvo 

in 

CM 

00 

r— 

inovot— 

v—  VO  *— 

*- 

o  incn^rco 

c^-t-vo  o^tcocm 

o 

CO 

m 

m 

voc^t--co 

ONONO 

cm  cm  cm  mm 

J-lfUTivOvOvON 

00 

OO 

o> 

o 

oooo 

OO*- 

*— 

r—  * —  t—  i —  «— 

*—  »—■  r—  *—  *—  « —  *— 

T— 

« — 

CM 

c — e — 

c^- 

C — 

c —  c —  C^—  —  C —  C —  C"^ — 

C- 

mmmm 

mmm 

m 

mmmmm 

mmmmmmm 

m 

m 

m 

m 

•=r  tncMn-=r  CM^r-=rvoom 


cm  o  on  t*-  o-=r  o  i-  *-  cm  in 

i  i  *—  i 

i 

T-vom*-  c*-aMncMONf-CM 
*—  co  * — vo  c-— * —  mco  c~-cn«— 
vo<mov=t  onjs-co*— c^av 
vONM0C0O>a>OOOO 

■=r  mcM *—  o  oncooo  r-vo  in 
in  in  in  in  in^- 

vO  vOvOvOvOvOvOvOvOvOvO 
mmmmmmmmmmm 


vo-=r  ooo^rvovo 
*-*-CM  *- 

mvoinmcoot^ 

CM  I  *-  •  I 

I  I 

ovcMt*-ooNooin 

CMCMmcM-=rOt- 

T-*-ooNC*-incM 

*-*-*-oooo 

CM  i—  O  OnCO  C — vO 
“  r  mmmm 
vO  vO  vO  vO  vO  vO  vO 

mmmmmmm 


com  o 

r-  CM 

CM  CM  C- 

I  I  *- 

I 


-=rm 
on  in 
jo 

On  On 

mcM 

mm 

\OvO 

mm 


m 

o 

o 

oo 


vo 

m 


c^-mininjr 

r-r-CMr- 

VOCOOJJ 
I  *-  I 
I 

ON  CM  cm  »—  m 
c-~=r  mcTvo 
o  cn  in  vo  co 
voin^r  mcM 

r-vo  in^r  m 
CM  CM  CM  CM  CM 
vOvOvOvOvO 

mmmmm 


in  vo  c^oo  av  o cm  m=r  invo  t^oo  on  o  •- cm  m=r  invo  c^-oo  av  o cm  m=r  mvo 
mmmmrajjjjjjjjjj  in  in  in  in  in  in  in  in  in  invo  vovovO  vovovo 


268 


1 

*"3  1 

CM  CV3-  ITN'£>  t—C0  030 

1 

1 

1 

O  1 

C  l 

men  O  On  mCM  (33 

s  1 

*-*-*-  *-*— 

O  I 

h-mmvo  c^cm  *- 

1  1 

*-  1  II*- 

O  1 

1 

1 

CO 

1 

t— mCM  C — COCO  CM 

CM 

<0  1 

coco  m=r  oncO-=t 

vO 

JO  1 

r~-co  o>  oxo  t^-vo 

O  1 

moNT*-coin 

Q-. 

OC  1 

o  *—  * —  cm  mm=r 

y - 

1 

On  ON  On  O' On  O' On 

o 

1 

vOvO  vOvOvOvOvO 

CM 

1 

mmmmmmm 

CM 

1 

O 

O  1 

C  1 

cmono  *-mm 

1 

z>  • 

CM  *-  *-*-*- 

4-. 

o ! 

m*—  jinm 

1  1 

CM  1  1 

T— 

O  1 

1 

CM 

t 

CM 

1 

co*-*-  CM  cm  in 

r~ 

CO  1 

minoo  covo 

JO  1 

co  cm m  ocMm 

O  1 

c^-on  ^tvdoo 

1 

•  •  •  •  •  • 

CL,  l 

cocm  , —  o  on 

1 

oooooo  oooot^ 

1 

M3VOM3  MDMDNO 

1 

1 

1 

mmm  mmm 

l 

1 

o  * 

C  1 

cooo  *— OncOCMcO 

ZD  1 

* — » —  * —  *— » — 

o  j 

c-mmvovocMCM 

1  1 

*-  I  ii*- 

O  1 

i 

00 

1 

e-mcM  c — coco  cm 

(M 

CO  1 

coco  m=r  oncost 

vO 

JO  1 

C-O0  CTNONOO  C~-MD 

O  1 

mo  t*— =j  *—  co  m 

<D 

<r  i 

o  *—  t-  cm  mm=r 

i 

On  On  On  On  O' On  On 

O 

i 

VjOvO  vOvOvOvOvO 

CM 

i 

mmmmmmm 

CM 

» 

O 

O  1 

C  1 

ooo  *-CM-=r 

1 

3  • 

CM*-*-  *-*-*- 

Q> 

O  1 

»—  m*-  4-vom 

y — 

1  1 

CM  1  1 

y — 

O  1 

1 

CM 

1 

CM 

1 

OOr-r-  CM  CM  in 

« — 

CO  1 

minco  co  vo  t — 

JO  1 

co  cm  in  oc\jm 

O  1 

c — on  ^rvoco 

1 

•  •  «  •  •  • 

CM  1 

•=rcoc\j  t-Oon 

1 

coco  CO  OOCOC^- 

1 

vOvOvO  vOvOvO 

1 

1 

mmm  mmm 

1 

-o  1 

CM(n=r  ltivoc^ooono 

1 

1 

' 

# 

v*\*M 


,v  ,%  „ 

K 

.v.A 

.V/.Vi 


•Vv 


V  V. 


f.  -f. 

ft 


i " 

v-v;^ 

:• 

vS-M 

I 


k,4 


ir  ■<■ 

:W-: 

•/s' 

>£v: 

3  VL-- 


■w 


,  *.*»  .*  i* « 


cm  on=r  invo  s-co  on  o  *-  cm  on=r  m vo  s-co  on  o  •-  c\j  en=r  invo  s-co  on  o  <\j  nvr  invo  s-co  on  o  *-  cm  on 
*— *—*—*-*-*—*-  »—c\j  cvjcvjcvjcnj  cvj  cm  cm  cm  cm  mm  on  mm  on  on  mm  on=r.=r.^-.=j- -=r;=r  ^.=t in  in  in  in 


vo  oo  in  oj  vo  on  in  in  s-  menvo 

vos-in 

o 

coo 

^-onoo 

oo^so 

o 

00 

s- 

OJ*-  *-  *— T” 

*- 

CM  CM 

00  OJ 

*- on*-*- cm 

OJ 

r- 

*~  OOCVJ  ON  CM  *—00  on=T  rOr-^ 

CMOvO 

t— 

ON  o 

*-on=r 

oo*-cms-o 

CO 

•=r 

1  OJ  1  1  CM  1  1  *—  *- 

1111 

ojcm  m 

1  1  l 

i 

r~ 

T-*  *— 

OJ  |  *—  OJ 

i 

s-vo  t-  o  s-  min  tn^r  vo  coco 

OnvOO 

vo 

vOO 

on  in  oj 

ONens-ONen 

OJ 

vO 

OJ 

in  noon*-  c\jvo  c^cvj  oinm=r 

S-C0CM 

oo 

o  *— 

oins- 

invos-t'-*- 

ON 

S- 

ON 

*-00-^  oinoNms-ooj^r  in 

in^r  oo 

CO 

oooo 

ooinco 

•=r  in  in  in  in 

VO 

ON 

■=r 

oMTyc\joMn*-co^r«-  s-poon 

o-mON 

o 

s-m 

^j-on^t 

o  mo  mo 

ON 

oo 

OJ 

•  •  • 

• 

•  • 

•  •  • 

• 

• 

• 

invo  s-  s-co  on  on  o  *-  *-  cm  c\j 

jimn 

s- 

00  ON 

o  o  *— 

mon=r.=r  in 

VO 

S- 

On 

on  on  on  on  on  on  on  o  oooo 

ooo 

o 

oo 

r-f-r-f-r- 

r— 

< — 

«— 

vOvO VOvOvOvOvO  t-e—S-S-S- 

r- o- ty¬ 

s- 

s-s~ 

0—  S- 1 — 

S-  t — 

e'¬ 

0- 

S- 

oornoo(Y^rnrocnonrnrnonrn 

coon  m 

on 

on  on 

on  on  on 

on  on  on  on  on 

en 

on 

on 

O  CTN  ONCOST  on  VO  ON 

in 

VOON 

coo- 

oo-oins 

ao 

in 

On  S- 

vo 

*— 

co 

oo 

.-CM 

«- 

c\j  cnj  onovj  oj 

CVJ 

CVJ 

oj  e— onovo  *-  on  on 

s- 

OJOJ 

invo 

on  o- in  in  o 

0- 

on 

CVJ  CVJ 

•=r 

o 

00 

on 

1  *-  1  OJ  1 

i 

1 

*~ 

l 

*—  C\J 

i  I 

oj  *—  onevj  on 

I  ill 

CVJ 

l 

moj^roNvoojojo- 

CO 

vO  *— 

in=r 

coa^O'kD 

vo 

s- 

-=r  o- 

CVJ 

ao 

vO 

0- 

ononoNONOj  cm  onoj 

CVJ 

o  on 

0-*- 

inao  o-voon 

O 

o 

VOS 

in 

« — 

ON 

in 

^=r  -=r  onc\j  *—  onvo  on 

in 

in  on 

n  co 

*—  CM  CM  CM  *— 

m 

CVJvO 

on 

OO 

o 

r— 

o  oj  -=r  vo  oo  on  *-  on 

vO 

OnO 

onzr 

0—00  OnO  *— 

in 

vo 

s-s- 

00 

0O 

ON 

On 

onoo  c^vo  irv=r^r  on 

On  On 

S-vO 

■=r  onevj  cvj  i- 

VO 

-=T 

CVJ  r- 

ON 

S- 

in 

on 

S-S-S— S— S— S-S-S— 

0- 

VOVO 

vOvO 

vOvOvOvOvO 

in 

in 

in  in 

.=r 

■=r 

■=r 

-=T 

vO  vo  vo  vO  vo  vo  vO  vO 

VO 

NOVO 

vOvO 

VO  vO  VO  VO  VO 

vo 

vo 

vOvO 

VO 

vO 

vO 

vO 

on  on  on  on  m  on  on  on 

on 

on  on 

on  on 

ononononm 

on 

on 

on  on 

on 

on 

on 

on 

in  moo  oo  in  onoo  -=r  co  s-  in 

^rvo  s-in 

VDOOOM 

ONO- 

o 

^■3-q-vom 

*-00  0- 

CVJ*-  *-  *-*- 

*-*-^*- 

CVJ  C>J 

cvcu 

CVJ  *— *-C\J*- 

Cvj  f\j »— 

*— vo  on-=t -=r  on*—  on*—  «—  cvj  cvj 

in*-*-m 

OJt-O 

t — VO 

ON 

*-00CVJ^T  CVJ 

on  onvo 

*-  1  *-  CVJ  CVJ  *— 

i  I 

i  cvj  on  cvj 

CVJ  1  *- 
1 

' —  CVJ 

1 

1 

1  y  OJ 

i  on*- 

o— vo  *—  o  s-  onin  in-=rvoonon 

ON  ONVO  o 

ooo- in 

vo  in 

vO 

On  CVJ  *—  onco 

onoNS- 

in  onon*— cvjvo  s-cvj  o  inonsr 

ONS-00CVJ 

ooNtn 

once 

* — 

r-irwoo- 

On*-  CVJ 

*-  oo  «=r  o  in  on  on  s-  o  cvj  -=r  in 

inm-=r  on 

inovo 

vOOn 

VO 

*—  *—  r—  r-  ON 

aoino 

on  in  cvj  on  in  *-  oo  *-  s-  coon 

*-s-onoN 

vOCVJS- 

oom 

-=r 

o  in  o  in  on 

co  moo 

•  »  •  • 

•  •  • 

•  • 

• 

•  •  •  •  • 

•  •  • 

invo  O-S-CO  O' On  o  *-  *—  CVJ  CVJ 

-=r  -=r  in  in 

s-oooo 

ONO 

*— 

mmzr-=Tzr 

VOSS 

ON  O' On  O' On  O' ONO  O  O  O  O 

oooo 

ooo 

o*- 

r— 

*—»—*—*—*— 

*—*—«— 

vOvO  vOvOvOvOvO  S-  S- 1 —  C —  C — 

s-s-s-s- 

0-0-0- 

0-0- 

s- 

o—o—o— 0—0— 

t — t —  0 — 

on  on  on  on  on  on  on  ononononm 

mmmm 

ononon 

mm 

m 

mmmmm 

mmm 

s- on  in*— on  on 

ON 

s- 

vOCO 
*—  CVJ 

«=r  svoo 
*—  *—  CM 

oin 

mevj 

CM  00 

on  in 

min 

*—  CM 

onvo  in  in  on 
*— *— CM*— 

com 
*—  CM 

ms-=r  cvj^r^r 

CM 

*-CO 

ommo 

in  in 

ino 

o*- 

cm  m 

vO  *— vO  OcO 

CM  O 

i  *-  i 

» 

*-  *—  CM 

1 

CM-=r 

1 

CM 

1 

1  CM  «— 

1  1 

*—  m 

in  cvj -=r  onvo  cvj 

s- 

CO 

vO  *- 

in^TONoo 

^TON 

*- 

^m 

CVJ  ON 

s-JT^r  *-^r 

*— vO 

monoNONCvi  cvj 

CVJ 

CM 

om 

s- *-oo  in 

S-vO 

om 

cvj^r 

00  vo 

monoN*-vo 

ONOO 

.=r  onevj  *— on 

m 

in 

in  on 

inoooN*- 

CM  CM 

ooo 

ino 

ONm 

on*—  CM-=r -=r 

mcM 

ocvj^tvoooon 

m 

vO 

ONO 

msr  ins- 

ONO 

CM  CM 

invo 

vOS 

s-coooaoco 

CO  00 

onoo  t— vo  in«=r 

on 

ON  On 

s-vo  in-=r 

CNJ  CM 

OON 

in^r 

CM*- 

onoo  s-vo  in 

mcM 

0— S-0— 0— 0— 0— 

s- 

s- 

vOvO 

vOvOvOMD 

vOvO 

von 

in  in 

in  in 

vO  VOvOvOvOvO 

vO 

vO 

vOvO 

vOvOvovo 

VOVO 

VOvO 

vOvO 

VOvO 

vOvOvOvOvO 

vOvO 

mmmmmm 

m 

m 

mm 

mmmm 

mm 

mm 

mm 

mm 

mmmmm 

mm 

*-  CM  cn=r  LAvO  S-CO  OnO  *-  CM  W  invO  S-CO  On O  *-  <M  On=T  invO  S- 00  On O  *-  C\J  er«*  U^vO  S-CO On O  *-  CM  m 

*-*— *-*-«-*-*-*-*-cmcmcmcmcmcmcmcmcmcj  (v^(v^(^(v^rn<^roroonr^v=r  ^r^r^T^r^-^^-^-zrirunuMn 


269 


■/  \* 


V '.r 


12212  -  02201  628 


1  I 

I  I 

I  1 


1  O  1 
»  C  1 

in  on,— 

in*- 

t- o  o-vo  m=r  co  o  ctv  oo  oo  c^- 

coino 

•  :=>  i 

« —  r- 

«— r- 

r-m  00  «-«-*-  T-  *- 

1  O  | 

t'-OJ 

C'-  LA-=r  r-  LA  r-  VO  CO  VO  LTV  CVJ  ia 

C-OOOJ 

1  1  i 

1 

1  r- 

*-  1  *-  00  1  1 

1 

1  O  1 

1 

1  1 

1  1 

C--OV=T 

oin 

CTvvovoiooocMvom=j-.--voCMO 

oo -=r  r*- 

1  (72  1 

C^-CTXO 

coc^- 

CM  t— vo  fiw-  *-  vo  m^  CM  IA  m 

oovno 

i  o  i 

c\jmm 

o  co 

men  in  o  in  cr>  onvo  cn  t- m=r  in 

in  in  in 

1  O  1 

Ot-4 

m*- 

in  i-oo  in  r-  t"-=r  orn  maun  r- 

mom 

1  DC  1 

ininm 

coo> 

o  «-r- cm  mm=r  in  Lrvovot--co 

oo>o 

1  1 

T—  T— 

cmcmcmcmcmcmcmcmcmcmcmcmcm 

ojnjm 

1  1 

in  in  in 

in  in 

in  in  in  in  in  in  in  in  in  in  in  in  in 

in  in  in 

1  1 

1  t 

rororo 

mm 

mmmmmmmmmmmmm 

mmm 

1  O  1 

1  C  1 

coo 

m*-i 

ao  rr  mm*-  o  mmc-co  cAin*-  lavO  cmvood  coo 

=X=T 

1  n  1 

00 

i— r-»— 

r-C0  *-00 

*— 

1  O  1 

mo 

vOf-r- 

mm*-cj\cMoo*-.~mcM  cm  m*- mo  cm  incM-=r  la 

om 

1  1  l 

1  O  1 

00 

i 

I  |  I  f-  —  |  I  -r- 

1  1 

r—  CVJ  1  |  T-t— 

1  1 

I 

1  1 

1  i 

coo- 

voa\*- 

CM  0-=T  OOvt-VOt-f-CMCOlTliJ-iT  CM Ov=r  t-OO  CM 

1  CO  1 

oj-=r 

c — o  o— « — io  r-c\j  m»-  o  invo rno-oj  c\jc\jvoaovo 

T—  t - 

1  £>  » 

voa> 

vo  oo  oo  ctnoo  c~-vo  a-  cm  ctv  in c~-  oj  vo  o  ■sr  t~-  o  cm  =3-  vo 

CT'O 

1  O  1 

v£>  co 

mLAt--av<—  mirvc-cv*—  oj-a' vo  c— ovo  cm  ma-vo  c~-ooov 

*-m 

1  CL  1 

C^vO 

in^r  mc\j  cm  »-  o  ov  oooo  t'-vo  ia=t  cnmc\i 

r-OCTvOO  C^VD 

m=r 

1  1 

oo 

O  OOO  O  O  OCT»O^CT>Ov<7NOvCT'0>CT<C^CT'C7'COCOCOCO 

oOCO 

1  1 

in  in 

in  in  in  in  in  in  ir^  zt  «=r  ^  «=r  zr  -=r  ^  -=r  jt  ■ 

=rzr^-zT=Tzr 

^r.=r 

1  1 

mm 

mmmmmmmmmmmmmmmmmmmmmmm 

mm 

I  I 

i  ’-d  i  (\jrn^  LOvof--cocr»o*“C\jorvTirivoc*--ooaNO»--ojrr«- Lnvoc^-ooa>o^-<\joo 

l  i  i— »— 1-«— c\j(\jc\jc\j(\jc\j<M(\jc\jc\j  mmmm 

i  i 


270 


•  *•  .*'»  M. ' 


^iJln  A  »  +  T* 


10012  -  00001  828  10011  -  00001  828 


C  1 
O  1 

-=r^r  —  ^zj-^rvo^r^r  A^r^r  A^r  mifurir^  mAt— 

« —  ii —  i —  —  i — 

oncovovooov 

CM  Ot — 

OA 
—  CM 

o ! 

i  i 

O  1 

CM  m A « —  —  0— =T  on—  O  —  OOVJCM  —  —  —  —  —  C"-OCM  *—  A 
l  —  1  CM  1  III  {  —  CM 

—  OOvOOOvO 

t  \  I 

vOSi- 

1 

mcM 

i  i 

1 

1 

<n  i 

-O  1 

O  1 

mo  A0-coo>voo-=r-=r  sovo  sroNinavr)  tnoco  O  m 
=t=t  o  A-=r  c— o  — ACMmNO<m=rcovoc^-m—vo^-  t*-vo 
c— vo  av  m  avo  a  cm  — mmcM  co  o  —  o  o- m  c^  o 

vO  CM  00  C0KT^=r  a^3-  ovonco  CM  VO  o  m  C^O  -=3-  C — O  CM  AC — o 

c^-Aonoom— 

—  cmc^  —  oven 

i~OMAr-^-N 
AO-OvO  — 

C^-t-~A 
OOvOO 
ACM  00 

-=r  aa 

6503 

6663 

0-  1 

j 

vo  AoocMOOvc-vo.=r  m—  ooo  t--  AmcM  ooo  t~-  Am—  o 
mmmmmcM  cmcmojcmcmcm  —  —  —  —  —  —  oooooo 

vO  vo  VO  VO  vO  VO  vO  VO  VO  vO  vO  VO  vo  VO  vO  vO  vo  VO  VO  vO  vO  vO  vO  VO 

mmmmmmmmmmmmmmoomonmmmoomonm 

vo^r  egoos 

CJv  Ov  CTs  CT»aO  CO 
AA AAA A 
mmmmmm 

—  O'C" 
CO  C — 
AAA 

mmm 

3573- 

3571 

O  cv^r  VOOO  OC\J-=T'»OCO  O  VOCO  O  C\J-=TVOOO  O  CO^J- VOOO  O  CXJ^TVOOO  o  VOOO  o  C\i-=r  VOOO 

—  cm  cm  cm  cm<m  mmmmm=r^r^-.=rz3'  aa  aa  avovovovovoc'-c^C'-C'-c-*- 


mvo-=r^r  m-=r-=r  irv^r  c—  N^r4-  la^*  mmc7>^)a> 


cm  co*—  —  cm  *-^r —  —  cm  o  —  m 

l  i  i  i  i  i  I  I  i 


i~oo  r-vo  o  oncovo  in  mcovo 
inocooNon^NOrnOOCkJN 
LA  CM  vo  Ov  —  O  CO  Ov  CM  m  CM  O' 
t--»— e*-— -=rvoov— ^rvoooo 


c\j  ^(Njr-Lno*~rnrooo^Too' 

—  —  i  I  —  I  I 


CM  —  CM  —  O  OO'OO'NOlT'CM^ 
00  CMOOCO  CM  CO  CO  —  t-~ CO  on  CM  CM  CO 
0>  CM  CM  —  CK-=T CO  —  —  O 00  =T  00  O 
CM>=r  AvOvO  C — t-'-O0<X)00  C'-C'-vOvO 


COOt-(M4'invOSO>0^(MfO 
(WT-=T^r^r^r-=T^T^r  UMfiinin 
vo  vO  VO  vO  vO  vO  vo  vO  vO  vO  vO  VO  vQ 
mmmmmmmmmmcnmm 


vo  e^-ao  cr>  o  —  (M  m=r  mvo  t— co  o 
A  A  A  AvOvOvOvOvOvOvOvOvOvO 
vO  vO  vO  VO  vO  vo  vO  vo  VO  vO  vO  vO  vO  vO 
mcommmmmmmc'nmcnmm 


vo  cn  cm  mmovo-=r 


■=T  —  A  A  —  A  CM  *— 
I  I  I  —CM  — 
I 

AOv  —  C — r—vOOO  C*“- 
one— vo  OV  O  A  CM  VO 
ov  A  o  envo  VO  A  CM 
CM  —  OCOvO -=3*  CM  O 

CM  CA=T  A  VO  C— 0O 

VO  vO  VO  vO  VO  vO  vO  vO 
mmmcommmm 


irmAm  roA^^iM-^a-CAA^  A-=r  A  — -=r.=3- 


o— ^=r^=rcMOCM  — om— CMmcMvo  a— mm=r-=fCMCM 

I  i  i  I  l  I  —  l  i 


A  —  t*~Ov  Acnooovvo  r—  CM  0>-=r  CTv.=J-  AC^-CT'-vO  r~0O  o 

cm  oenmo  cn—vo  c^-^t  c>- ao  awo  on  a  mA-=r^r  cm 

A00  0^00 -=T  CO  avco  A  a%  —  —  CM —  vo  CO  00  A  O 
oo  cm  aqo  — ^rvocooovjonAvovot^r*-o-o-vo  A-=r  oncM 


-=r  inAt-ovosoo 
—  CM 

OvO^rvO  CM^r  »—  A 
l  I  I  —  I  I  CM 
I 

3-vCOONMOOO 
O  O  VO  A  C^- A  vO  on 
CMOvmA-sr  —  AC — 
coiomo  c-— =r  ovo 


A  O-CO  CTv  —  CM  on=r  vo  c—co  OV  O  —  CM  OOSJ-  AVO  C--0O  a>  o 
cm  cm  cm  cm  rnonononmonrnon=r-=r-=r^-=r^r^r  A 

A A A A A A A A AAAAAAAA A A AAAA A 

mmmmmmmmmmmmmmmonmmmmmmm 


—  <\j  rn^r-=r  avovo 
AAAAAAAA 
AAAAAAAA 
on  on  on  on  mm  on  on 


— vocr»A 
I  I  —CM 


O^T  ACM 
-=r  o<M  A 

Avo-=rov 
COOOCOS 
•  •  •  • 
ooaoavav 

AAAA 

AAAA 

monmon 


-=r-=r  inovr^-^r  onA^=r -=r  ■=J‘-=T^r-=rvo  e— co-=rcovo  c-—=r  c— ct\a 

—  (M-=r  —  cm  —  —  oo  —  m—  —  (\j-zT^--=r-=T  o<ozr  o-=r  ogc^a*-^  —  vooo-=r 

I  l  i  I  I  l  ill  (  I  t  (  i  ( 

vOVOO>mmoOA—  —  CMOOCMv©Ov=J-COOOC*-vO  —  OvOC——CVVTt»-CM  — 

— mo  CM  —  vo  C^- A  Ov  cr^vo  OVQO  onsr  CM  A^r  o  —  oo  —  00 —  — vo  A  Overs  A 
T-OMna'O<MrvC>i-OSC\Jfl‘^CMSOOQ0^NSv£)r-invO^,OfO4'fO 

oomcrv.=r  o-=r  avmoocM  aov cm  acoo  on  anoooovo  —  cm  cm  cm  cm  cm  —  oov 

mCM  o  ovcovo-=r  m—  ooovo  Am—  ocovo  <=3-  cm  o<7\t—  Am—  ovt—  Aono 
CMCMCM-  —  —  —  —  —  —  OOOOOOOvCTvOv<7vavOOCOCOcOOOC^C—0>-C^t— 

A  A  A  A  A  A  A  A  A  A  A  A  A  A  A  A=T  *=r  -=T  -=t  -=T  XT  -=T  ^  -=T  rr  -=r  -=T 

mmmmonmonmmmmmmmonmmmmmonmonmonmmmmmon 

O  CM«=rvO00  o  CM-=^vO00  O  CM«=rvOoO  O  CM-^VOCO  O  CM-sr  voco  O  CM-=rvOCO  O  CM«=TvOOOOCM-=rvOCO 
—  —  —  —  —  cmovicmcmcm  onmmmon^f^r  ^3*  a  a  a  a  avovovovovo  t —  c —  c-—  c* — •  t — 


.*  V4 

t  i 

>>>v 

•V^V*1  *1 

-  *v"  i 
/>,>< 

K:A 


i  i 


i  * 


‘/V  \ 

I. .  - 


‘.V.'C 

V? *1 


AA^ 


■V  - 
•  -  • 

>"*  •v" 


AA/AASAyjAA-A/-A-A/A:AA/:<:^:^AA 


rr-r 

£ 

a 

•5 

I 


S 


,-s 

I: 


if  M  «.l  i.l  ■  L  <_l ' 


4 


V 

V 

■■ 

> 

i 


O  CM  vO  CO  O  CM  vO  CO  O  CM  VO  CO  O  CM  -=T  vO  00  O  CM  -=T  vO  00  O  (\J  vo  0O  O  C\J  vO  00  O  CM  VO  CO  O  CM  -=T  vO 

f-r~r-r-f--CMCMCMCMCMmmmmm=r-=r-=r-=T^  inininininvovovovovor'-c'--t,-t^-c'--cocoooco 


j=r  mvO-=r  mmmv=r  m=r-=r  m=r^r  m=r^r-=r- 


■  Lnin-srq-aN^r^rvos 


in  m* —  vo  i — * —  c\j  ojoo  »—  o  * —  r~  0-^r  cMOOf-f-ojOr--^  (^^^omr-oo 

I  I  I  r-  I  ||  1|  I  f~  I 

I  I 

t—  movmmminoo  c-c^-ONONONf—  aunq-^ «—  poonOvco  r-  cmono  t"-inov.=r  -=r 
c^-vo  ^  on  cm  o  mo  *— o  c\j  cr»  *- on  o  co  ooc\j  vo  t^-=r  oo  Osj  vo  onr- vo  m 

lacooono  cm  ininmco  t-co^noc^t  o  cm  m»— vo  O'Oco.^rco  onco  inoN»—  t- 
ino  ino  inoNoot^-o^r  c^onc\j-=t  vooo  o  *—  c\j  mmm=r  oooncvi  t—  oono— vo-=r 

ino-oooi-r\iiT  in  c^-co  on  o  oj  oo^r  n^mavo «- cm  m^r  invo  C'~-cocoono<— 
r-  r-  *-  c\i  cm  oj  cm  cm  (M  c\j  cnj  rnrorororommovr  -=r  -=r  -=r  .=r  ^rin  in 

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
min^r  mm=r  ^=r  mo  m-=r  on  oo^rco^-^moN^r  in-=rrr  in-=r  in^-vo-=r  in 


t^m^rint^-f— 

c^ 

CM  C"- 

*- 

«— 

f— f- 

CM  CM  CM  f—^ 

in 

^-vo 

1  1  1 

I 

(MvomvocOf- 

00 

CM  CO 

r— »— -=rvo  it-on 

ON 

CO  CM 

=r  co  onco  in  o 

.=r 

f-C^ 

ctnvo  mo  t~-=r 

vO 

com 

CMcn=rininvo 

00  ON 

in  in  in  in  in  in 

in 

in  in 

t — t^-C — 

c^c-~ 

mmmmmm 

m 

mm 

■=r  vo  o  e— »-  cm  c*-  in  cnj 
»-  f-  «-  iM  CM  CM 


-ZT  roo  O  O  «-  O  f—  CO  O  f— 


cmoovovocoonO^  o  zr  c^-cm 
in  min  cm -=r  incM^r  m 

r-(\jOiooNOco^r  c^-covocm 
oj  vo  o  onvo  o  cm  in  c^- on  r- on 


»— »—  mo  f—CMt*— f—CMm*— LOt— CM»— OCMf— 
Ilf-  I  I  I  I  |  I  |  CM  I 

I 

cm  on  com  cm  in  on  cm  cm  o  c-— o  o  cm  on  cm  mo 

t — CM  mCMvOvOCM  C^-COvOO*^-^  (MCOvOCOf— 
vo  in  i —  invo  incMvooooovo »—  ^  inmo^r  c-~ 
invo  t^t^-c^-c^-c-vo  in^r  moj  ooovo-=r  f-co 


*—  in  on  in « 

i  i  i 


-  cm  mm  in 

t-  |  -y 


t“  VO  CM  CM  t- CM  CM  CM  m 

in  c^-co  t-  in  r-  vo  vo  -=r 
in  t-  inoo  oo  t>- moo  ^ 
cm  on  in «—  c—  m  ov3*  o 


m^ocovoinm^ONf~-vo-=r  ocovo-=r  cmooovo^t  CMOoovomf— o>c--:=r 
^f-i-ooooooooo  ONoocoooaococ-~''~c^-t-c^-vovovovoininin 
C* —  c —  f —  C — —  C —  t — t — vOvOvOvO  vOvOvOvOiOvOvOvOvovOvOvOvOvOvOvOiOvO 
mmmmmmmmmmmm  mmmmmmmmmmmmmmmmmm 


o  c— in  mo  co  inmi- 
in-=r  mmmm 

vO  vO  vO  vO  vO  vo  vO  vO  vO 
mmmmmmmmm 


mm=r  m=r-=r  om=r  c 


vomr 


-  CM  CM  o  CM-=r  CM  f-  O  t>-0  f 

I  I  t-  I  I  I 

I 


-  in^r^r^r^vo  inov=rvO  o*=r  Nsmoj^ooaNonCM 

-Omr-r-(M^  COt—  CMO^T^r-  f— -iJ- VO  t—  CM  COvO  f—  Oni—  in  (M  CM 

II  I  I  f—  I  till  II 

I 

CMvnm=rmoNmm^invoinC'-or*--voinmcMC"-vo^-C‘~-oincMCM-:=r  inmoNMmmmsT-Nmir\N»-r- 
f^oojcMr-ioo  mmo-=r  cocovo  ont—  on-=t  in  cm  in^r  ono-^t  in  o  on  mo  t-vo  invooNincM  cm  minoNmr-T— 
*-  invoincMNOONONc^cnvoc^vomc^ooNC^-CMininmcocMCMOvocooNt^cM-=r^J'  *—  in  r^-vo  cm  in  in  cm  c--co  c^- 
vo  r- vo  vo  O  00  CM  NO  on  CM  inoo  O  CVVTVO  00  on  Ot-^- CM  CM  CM  r- OONOO  t^-inm^CO  inCMONin*— C'—CMt— CM 

minvooooN^— cm  min  vot^- o*  Of— m=r  invo  t^-co  Of—  cm  cm=j-  mvot— t^-oo  on  or-  cm  cm  m=r^r  invovoc^c— oo 
r-  r-  f-  t-  t-  cm  cm  cm  cm  cm  cm  cm  mmmmmmmm=r  sr  =t  =t  =t  =r  zt  in  in  in  in  in  in  in  in  in  in  in  in  in 

vO  vO  vo  vo  vo  vO  vO  VO  VO  vO  vO  VO  NO  vO  vO  VO  VO  n-O  vO  vO  vO  vo  vO  vO  vO  VO  vo  vO  vO  VO  vo  VO  vO  vO  VO  VO  VO  vO  vO  VO  vO  vO  vO  VO 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 

m=r  mzr  in  m  m  o-v=r  in^r  in-=r  f— in>=r-=r-=r-=r coining -=r  in  in  r-^-Jinco  onco<=t  »— onoo 


*—  m*—  cm  f—  cm  «—  *-  ocMomcMOf—  f—  f—  f—  f—  Of—  vomm^ »—  -=r  r- 

III  II  till  CM  II 

I 

^  vo  ^  in  movi  co  vo  vo  on  onco  f— m  cm  in  in  on  c-- t^-co  o  t^co  mvo  on  f— 
ms^vomoor-mmT-Sr-q-^cMNOocomi^CMOCM^invom 
t-co  ^3- ON  f— CM  O  vo  O  f— f— 00  COO  vo  in  f— vo  in  CM  C^- ON  ON  vo  f— -=r 

cmvoo-3-  c^f-*=r  c — oncm-^J"  vo  c^-ono  f—  cm  mmmmmcM »—  o  onoovo 


ONcm^r  mcvj 

i  i  I  i 


CM  O  ONCOST 
■=rvomvo-=r 
CMNOOCO 

cmonc— -=ro 


in^r  cm  o  o  on 

Ilf-  f- 


OOCOONVO  C^-vo 
f-f-vo  CMCMC^ 
vovomcoooN 
moNinovoo 


f—  onoovo^t  mf-ONNvOirCMocosinmf-ONC^inmr-  onc^-^tcmo  vo  mr-ONN  CMONt^incMO 

r-oooooooNONO'aNONa'COoooooocosNNSSvr)vovoiovo  in  in  in*=r  ^rmmmmm 
vovovovovovovo  in  in  in  in  in  in  in  in  in  m  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 
mmmmmmmmmmmmmmmmmmmmmmmmmmmm  mmmmm  mmmmmm 

o  CM  iT  vo  oo  o  cm  ^  vo  oo  o  cm  =r  vo  oo  o  cm  =r  vn  oo  o  cm  vo  co  o  cm vo  co  o  cm -=r  vo  oo  o  cm  vo  co  o  cm -=r  vo 
r-  f— f~f— CMCMCMCMCMmmmmm^-^r^r^r  J3*inininininvovovOvovo  t^t^f-c^c^-oocooooo 


»  V 


■‘M' 


:-vv 

V-rf- 

W 

J  vf"i 
v-  S.' 


*.  ,"w  , 


I 


s 

•j.  N- 

- 


'•  "V.  ' 

S\v. 


> 


IT- 


;*■ 


\  M 

'/v 


.V.  /  , 


-  *  --V.  V- 


272 


20013  -  10002  626  20012  -  10002  626 


O  1 
C  1 

cm^t 

mm.=r 

•=r  income -=r  com 

S- 

covo-=r  o 

COOSOi-*- 

in 

O  l 

CM — 

CM  — 

— 

—  —  —  CM  —  — 

«- 

O  1 

in  co 

CM  — O 

—  CO—  0O=T  — -=T  CM 

00  CM  CM  VO 

T-^r^r  ooot~- 

o 

1  1 
O  1 

*— 

i 

1 

1  1  1  CM  — 

1 

1  1 

1  CM  I  1 

1 

LOON 

vOvOlO 

m  CM  CM  O  On  COCOON 

s- 

vOOvOO  S- 

(MC000Of-~=T 

in 

c n  i 

vO  vO 

OnCOVO 

co  co  vo -=r  onvOCTns- 

VO 

m— covo 

mvo  — ovoav 

s- 

O  1 

LOLO 

iovo  co 

cover-  co—  t— onon 

on 

C — CM  COOvJ 

— ■  r*  crv^r  m-^ 

in 

O  1 

CO  C\J 

OVCMLO 

ai-crvnoioioin 

■=r 

CM  t“  ON  t— 

CMOMOCMOO-=r 

in 

CL  1 

oo> 

in^r  cm 

co  c —  to  co« —  on  c —  in 

c-locmo 

vo  co—  onvo-=t 

ON 

l 

ONCO 

co  CO  CO 

t— t —  C — C— vOvOvO 

VO 

lOlOlOlO 

zr  cococo 

CM 

1 

vO  vO 

<£!VOvO 

vO  vO  vO  VO  vO  vOvO  vO 

vO 

vovovovo 

vOvO  vOvOvOvO 

VO 

» 

COCO 

co  coco 

cococococo  cococo 

CO 

cocococo 

CO  CO  CO  CO  CO  CO 

co 

ocM-=rvocoocM.=rvocooosj.=rvoooocM-=rvoooo<\j-=rvoooo<\j.=rvoaoocM«=r 
—  —  —  —  —  oj  cm  cm  cm  cm  cococococo=r -=r  -=r.=r  minininmvovovo 


;=rcovot-~=r 

—  CM  — 


OSCMOt- 


rnvooo 
■3-CvJOOON 
CM  — C-OOn 
C —  CM  vO  *— 


^rvoc-~o>o 

OnOnONONO 
vOvOvOvD  t’*- 
co  coco  com 


s-onco  on  mvo  on 

COt-ONS-vOO 

OnvO  — On 

oo^r 

ON 

CM 

—  1— 

*— 

CM 

— 

•=T  —  vOCMCOCMt^- 

1  II  —  1 

1 

OCMOOCMOO 

1 

—  COO  ON 

1 

mo 

1 

CO 

— 

in  cm—  voc—  mo 

(M0^3-00 

•=r-=rcM  — 

ONt- 

-=T 

CO 

corner  cm  on  coco 

co=r-=r  cm  — On 

CM  OCO 

co  — 

CO 

CM 

CTnOnvO  O  Oco  CM 

OJ  C'-CTNC0.=r'£> 

cot-corn 

CM  CM 

CM 

» — 

— -=r  t-o  cm  com 

S- t—  C —  S-  t— vO 

cm  oco 

coo 

CO 

in 

CO=r  IT\MX)OVO 

CM  CO=T  invO  t— 

ONO—  — 

cn=3- 

m 

vo 

oooooo— 

1 -  —  —  —  T—  — 

—  CM  CM  CM 

CM  CM 

CM 

CM 

t —  s— S- s~  s-s—  s- 

C" —  t"--  c —  — 

N- l>-t— 

C-t— 

S- 

s- 

coco  CO  CO  CO  CO  CO 

coco  coco  coco 

cocococo 

coco 

CO 

CO 

mmvovovoco=r  CMinvovovom  cm  re¬ 


coin  in  coo  in  t^-ooc**- in  oco=r 


CM  C — 

— 

-=rvo 

OCO 

CO 

coo 

ON 

CM 

—  CO 

—  1 

— «=r 

1  1 

OS 
—  1 

■=r 

vo  — 

—  1 

CM 

CM  co 

COON 

Oao 

c- 

t— vo 

m 

GO  — 

oco 

—  O 

O 

COST 

vo 

—  t- 

CM  — 

•=r  S- 

c- 

coo 

CO 

—  CO 

COO 

coo 

vO 

s-co 

o  — 

com 

S-OO 

O 

CM  CO 

vo 

ON  On 

ON  ON 

O' ON 

o 

oo 

o 

mm 

min 

mm 

VO 

VOvO 

vo 

coco 

coco 

coco 

CO 

coco 

CO 

in.=r  —  e— t*-m 

—  CM  — 

ONCM  — -=TvOCM 

I  —  I  I  I  I 
I 

movct-int- 

—  o  — cot-co 
vo-=r  o.=rvos- 
■STOO  CM  lOCO  — 


uvrm- ine^o 


—  O  — CM*=T  LOO 
I  — *  I  — 


zr  cmiocoiooo 

O  —  COCO  (MOO  S- 
COCO  1-  CM  CM  ON  in 
C-— OnCM-^TvO  t'—O'v 


co-  ogovolo 
vOvOvO  LOlOlO 
101010101010 
roromrororo 


—  oncovo-=t  cm  o 


in  LOIOIOLOIOIO 

cocomcnromm 


VOC*-—  OVOCM 

vom 

CM 

—  —  —  —  — 

—  — 

o  —  cocmoo-=t 

COON 

o 

—  1  1  — 

1 

T 

—  vOCO—  VOCM 
•=r  minsscM 

—  —  ON  in  ON  CM 
cm  coco=r.=r  in 

oom 

S-ON 

OVO 

irw=r 

o 

CO 

CO 

s-mco—ONs- 
COCOCOCO  CM  CM 

mmmmmm 
co  coco  rococo 

3523. 

3521 

t- 

r— 

m 

CO 

o  CM  ZT  vO  00  O  CM  -=r  vO  00  O  CM  «=T  VO  00  O  CNJ  -=r  VO  00  O  CM  ^  VO  00  O  CM  ZT  VO  00  O  CM  -=r 
—  —  —  pjcmcmcmcm  cocomcocn=r.=r.=r.=J’.=r  loioloiolovovovo 


i/  <.V 


20012  -  10001  626  20011  -  10001  626 


ocM-=4voooocM-=rvoaoocM=4“vocoocM<=4voooocM-s4vocoo<M«=3“voco 

f-f-T-f-i-CMCMCMCMCMOOonononon=r.=4.=3*.=4.=3'ininininin 


on  ocMf— =r  nninono  f-onov=4=4  ont^-sr  inN^-oi^^c^smo  in 


r-  r-  CM 


CM  in  in «—  O  =4  *—  O'VO  (\JC^-C\Jf— t— vOOCMr-f— .=4CM»— r— VOCMCM  CM 

I  I  1  I  III  I  I  I  *—  I  I  I  <~ 


-=rcoo  oooooo  t'-vor-coo'oovoo'oco^  men*-  O'CMf—  c^-o 

00 COCO  VO  CM  t*- O  CM  f-f-  OMO  r-  in  O'  CM  OOin VO v£>00  VO  t*-  0-00  O 
0'COinOOOrO<MaOCM=4POr-0-0*-f-COOnvOC‘*-vOOOCOf— CMCM 
CM  C-  CM  fr-  T-  mCNCM^O  On  CM  m fr-  O  CM  =4  in  t^-00  Ov  O  f-  f-  CM  CM  CM 


O 

VO 


invo  co  <j\  f-  cm  ooinvo  c--ov  o  *-  oo=3“  invo  t--oo  a>  «-  cm  cost  mvo 

-  T-  f-  f-  CM  CM  CM  CM  CM  CM  CM  (O  (O  CO  (O  CO  CO  CO  CO  COST  =4“  -=T  =4“  =4“ 


CO 


CO  COCOCO(OCOCO<OfOCO(0<0(OCOfOCOCOCOmcO<OCO(OCO(0(0<0 


t- 

(O 


O  1 

1  o 

o 

C  1 

c —  o  — 

incoco  t^ooin 

omcv4vo  inc — C4*0O  c — CM 

in 

1 

c 

vo  in  on  c\j 

o  1 

f- 

CM 

f— 

1  l 

tD 

O  l 

O  vO  OO 

«- CM  v£>  CM  0=4- 

cm  cm  oo  in  ooooo  in =4  o 

o 

f--=r  cm  oo 

1  1 

III*- 

f-  1  1  f-f-  1  f- 

x~~ 

1 

|  r— 

1 

II  II 

O  1 

1 

1 

1 

J 

o 

1 

o>  oco 

co  oao  =400  in 

oo  cvj  f-  cm  vo  mco  =r «—  O' 

in 

oo 

1  T- 

ovcm  f—  oo 

CO  1 

oo  LTiCM 

-=rcr**-  roinvo 

inooocovo  JT  O  «-0000 

oo 

r— 

1 

<n 

COvO  CO-=T 

jO  1 

CM  COCO 

vo^4  t—  inc^'t^- 

in  r-vo  iT  O  zr  vo  ir>  m 

VO 

in 

1 

o 

c— oo  t — vo 

O  1 

oo  o-=r 

OOOVOOOOCM 

ov 

1 

o 

voao  CM  =4 

a*  i 

oo  moo 

OCOvO-=4  OOf- 

C^-  in  OOf—  ooo  vO  =4  CM  o 

oo 

CTV 

1 

CL 

f-o  avoo 

i 

o  OO 

O  CT>CT>C^C7>0> 

00  COCO  CO  00  C'—F—C'-f'-C'- 

VO 

in 

1 

CM  CM  f-f- 

i 

C —  C— t1— 

t~-vO<£)v£>vOv£> 

vO  VO  vO  VO  VO  vO  VO  VO  vO  VO 

VO 

vO 

1 

i 

i 

i 

CO  oooo 

ro  oooo  oooooo 

ooooooooooooooooooro 

oo 

oo 

1 

1 

1 

oooo  oooo 

i 

i 

O  1 

1 

1 

1 

o 

C  1 

cot-O 

incovn^rvo 

«3N  cr>»-inf-voir>o  — 

1 

c 

oo-=roMnvooo 

O  1 

« —  * —  r— 

» —  r— 

f—  f—  f—  CM  f—  »— 

1 

f—  r- 

O  | 

CVJvOVO 

vO=4  r—  O  CM 

ino-  CM  OOCTNOOt— 00-=3“  CM 

1 

u 

CM  f-  O  00  CM  f- 

1  1 

1  1 

T—  T— 

1  •-  III  1 

1 

1 

T~ 

O  1 
t 

1 

OCMVO 

1 

CM  OOf- in  CM 

vein  =4f-OOf-t-<MvOC^- 

1 

1 

1 

o 

1 

t- in  in  o- oof- 

CO  1 

■=r  ovvo 

OV4-=TCM  t- 

in  in  t^ooc--cM.=r  oo=4f- 

1  VO 

£0 

CM  CO  CO  CM  =4  f- 

O  l 

4  04 

C-~CTvCO=4  C- 

t~-co  otMO'OcoNorwJ 

1  CM 

o 

0— =T  CTVVO  CTvvO 

O  1 

■=4  O' CO 

t-oooin 

Of-  oooooocm  r-ocyiN 

1  VO 

o 

COvOOOf-OOvO 

1 

•  •  • 

•  •  ••■••••• 

1 

•  ••••• 

OC  1 

00=3“  VO 

Of- oo=3“  in 

ONO  cm  00=4  in^o  c— t^-oo 

1 

cc 

f- CM  00=4  =4-  in 

1 

O' O' O' 

OOOOO 

t  3  T  “  T  T™“  r*  T  f"  ^  T 

1  f — 

CO  00  co  co  CO  CO 

1 

in  in  in 

vOvOvOvOvO 

vOvO  vOvOvOvOvOvOvOvO 

1  o 

in  in  in  in  in  in 

1 

oooooo 

oooo  oooooo 

oooo  oororooooooooooo 

1  f- 

oooooooooooo 

o  \ 

i  o 

o 

C  1 

ir\cr>ONt^a't-<^cM--c~t^v£>t~<r<mc^r~ojc\j  c\jvo.=j-oo 

CO 

1 

c 

0— OvOvO-4" 

:=>  i 

CMf  f-f-  CM  *— 

f-f- 

CM 

1  1 

r> 

f— 

O  | 

■=400inin0i— vO»—  OOCOVO  «—  00=3“  CO  CM  VO  CM  OO  C— t— 000 

CM 

1  CM 

o 

=4  CM  f—  CM  *— 

i  i 

1  1 

1  Ilf- 

1  1  f-f-  1  1 

« — 

oo 

1  T~ 

1 

1  1  1  1 

O  1 

1 

1  i 

1 

j  *- 

o 

1 

vOvOOOvOvO  0  00=4  *-OvOC— t*-COCMCTNCr\OOt'-  <\j.=r  oao 

oo 

|  r— 

ao  oooooo  CT\ 

<0  \ 

ov-=rco^r  f-a>vo  in  invo  in  invo  coco  cm  cm  invo  t^coc^in 

1 

co 

voinmcM*^ 

jQ  1 

in  Of- 

ovoaocoinovoco  roin=r  o*=r=4  *-  in  =4  ov 

r-o 

00 

1 

o 

in  vo  vovo  in 

O  1 

COOJ1^00  0(M-4vONa'0>OOOOONflOSin  f-COvOOO 

LO 

1 

o 

t-avf-ooin 

Oh  | 

=4  00 1- 

ovxsvorr  oj  ocov£>mm<-cr'vosr  (\jo  vom 

»-o> 

ZT 

1 

CL 

oo  c—  N-voin 

1 

co  co  co  t —  o—  c —  o—t“—  t — <o  MDvovovoininininin  =r-=r^r  oo 

CO 

1 

1 

in  in  m  m  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 

in 

1 

in  in  in  in  in 

1 

roforomrorororororomrooororoooonrofo  oooooooo 

oo 

1 

ooonmooon 

O  CM  ^  VO  oo  O  CM  -3“  vO  co  O  CM  -=3“  vO rO  O  CM  -3“  vO  00  O  CM  =X  VO 00  O  CM  vO  CO 

f-  *-  ■-  f- »-  cm  cm  cm  o  .vjfocococooosr^rrr^Tir  intnininin 


*-  OJ  00=4  LOvO 


oovo-^comoo 


<MO«-ON»— 1— 
I  f-  I 
I 


CM^vO  *—  CM  CO 
ror-^ooco 
awoot—oin 
t— inmoooin 


^invoo-t— oo 

CM  CM  CM  CM  CM  CM 


cooommcoco 


-<M<o=r  invo 


274 


t — CO  ONO 


cm  m=r  invo  c — co  on  o  *-  <\j  m=r  invo  e— co  on  o  r-  cm  m=r  invo  e— oo  O'  o  <—  cm  m=r  uvo  t"-ao  ono  *-  cm  orv^-  invo 
r-.-^  «-t-^t- ^cmcmojcmcm  CMCM(MCMCMmmmmmmmmmcn=r.=y.=r.=r:^.=r.=T.^-.^-.=r  inmmininmin 


mm=r  m^r  m=rao*o.=r-=r.=r  m=r -=r^=r^r-=r  mg-r,  r^rco  mmm-1^^-^  cmvovo 


O  fc-^TQO  inrrVTvO  COkO^OiT  me— c— co 


0  040  cm  mrnCM  t— o  o  * 

I  I  «-  I  I 


-m*-  mrocMCMincMvo^r- 

i  i 


-  cmonvo  t-co^t  mmovmo  t— cocm  c\i-=r  oo  oo  cm  *— -=r  int— cocmvo  mm 

I  I  I  r-r-  |  I  «—  I  I  I  I  1  I  I  I  I  I 

I  I 


m=r  cm  irw=r  cm  Oao.=r  moor-  o  e^vo  o  e— c—  e— onoo  r--=r  on  m  irv=r  vovovo  mo  *~co  Ovo  inco  CMvo>=r  cm  on*-oo  o  moo  t— vo 
■^r  o  cmoo  m  cm  O'*  cm  co  —  onco  mcooNCMooomcM-^rco  o  coin  cm  inoN*— ome— ^voco  r-CMOome— oo  cm»— oe— *— -=r 
VO  CM  O  in*-  t-ONVO  inco  OvvO  On  CO  t-C— m=T  VO  OnvO  *—  oo«— COCO  *—  COOvOOOvO  CVJ-^ -^Ov=r  m«-.=r  in  CM  e— OnvO  movr  c— .=r 
cm  o  t>-=r  i“CO-=r  cmcovo  *-  on-=t  cm  t— in  Oco  cm  o-=r  mvo  in  e— vo  onco  o  ono  o «-  *- *- *-  *-  cm  «-  cnj  o  cm  on*-co  «-  e-o  in  on 


ON  O  O  «—  CM  CM  m^T  ST  mvOvO  O'-COCO  O'  O  O  r—  CM  CM  mm=r^  miO  VO  t'-MXJOvOOO  CM  (M  mO'VT  mifVa'VO  mt— VO  e— 

cm  mmmmmmmmmmmmmmm^r;=r:=r^r -=r-=r  ^r^r.=T.=r^r^T^'^^r.=3--=r  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 


mmmmmmmmmmmmmcnmmmmmmmmmmmmcnmmmmmmmmmmmmmmmmmmmmmmm 


zrm^m^^mmmoN^mm^^^mmvocvv3’mirw=r.=3-.=r.^'m=r-=r 

Or-C^^r-^r-r-CVJCnr-CO^O^r-r-CMOOJ-r-r-^^CMOT-mCNJ 

I  I  I  I  I  I  r|  |  | 


inio-=r  in^r^r^-a‘in=J-voininvococMin 
«-  CM 


vocm  cm  o «—  c— cm  m=r  t- vo*— .=r  r-vom*- 

I  i  i  i  lilt  *~ 


co »— «—  moovo  o  CMcovommmo  mco »-  in  on  cm  moo^incMON.-CMmm 
m<r-mmvo<M^r  e-maOT-m.-ONvocommmcomao-sr.sr  *-e— CMoocom 
-=r  cm  co  in  onvo  co  zt  -=r  o  oo  ^  on  n  c— sr  m.-voine— c— me— .-sr-sr  onst  cm 
vOOOONt-CM-st  int— cooo(MCM.=r^rvoiooo  t— oncOOQnt-ocmocmo  m 


,—00  OvOvO  rot— OvO  e— C0-=T  o 

*-  sr  coin  cm  «—  o  mo  oco  coo  r- e— o 
mco*-*-e— CM*-ocMvOT-ONONO^cor- 
coos  mON  CMOO  CM  t—  *-  in O  coco  CM  t— ONin 


e— vo  in  in=r  cocm  «~oo  ongo  t— vo  icvt  cocm  •—  o  onon  e— e— vo  m-sr  cocm  *- 

r-^»-r-r“»-r-t-f-i-OOOOOOOOOOCT'(M7'ON(?'ONCy'0'0'Cy' 


cocoforooocoroco  cococococo  cococo  rococo  cococo  comrocororococo 


ONt— e— mmmm,-T-ONONt— voirvr  cmcm 

aOCOOOCOcOOOcOCOCOt—e—C—t—C—e—t—e— 
vO  vOvOvO  VO  vOvOvO  vOvOvO  vOvOvO  vOvOvO 
com  CO  CO  CO  CO  (OCO  (OCO  CO  CO  CO  co  CO  co  CO 


-=r  mmmmmmmmmmmm=r  cocoin  ^rsr  mmsr  m=r.=r.sr.sr  mmmvo-=roo  e— ^r  inoooo^r  onc-st  e-me-oovo-srvo 

r-f-CM*— OCMr-Ot— CO(Or-OtTi  rcw»-OmO»-f-(M(0(Mr-4-in*-(  ,»vO.=r  ^  C— t — (MON*— *— vOvO-^CO  e— *— ao 

till  I  III  II  III  I  I  I  I  I  I  I  I  I  I  I 


vooNComoNpoo  *— vo^rao.=j-  <Ot-onon-=t 
ooo-=rvo-=r  cocMONvo^rt—coincMONCO^- 
c— cocm  on  in  mo -=r-=rsrOf--sr  e— mom 
<Or~oo  in  cm  ovo-=r  oco-sr  cm  e— mo  onco 


o  c^- o  ^  •=»*  on  in  moN  •- on  coco  coinco  o  cm  cocm  vo  cm  in^r  r- •— no  comm  t-oo 
oo^“  cm  cm  cmoooo  roovoco  t^coinco*- o  in»- 1— oo-sr  ononoo  o  ocooo  cocm  co 
*—  ovo  e— co  *—  e — ^  on  cm  cmoo  cm  cm  o  co  in  cm  t — ONt*— coinvo «—  incocosToo 

voincoc—  OOCMCM-=T«=r  invoc—  C^-COONONOON*“ON»—  ONCMONCMONCMCOCMC^-f- 


voc^-c—coonoo  — cmcm  m=r^r  invnvot^- 

00 00 00<x>  oo  ON  O' ON  ON  ON  ON  ON  ON  O' ON  O' ON 

in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 
mcococococococococomcomcocomco 


oo  O'  O' o  •- cm  cm  coco^- in  invovo  c^-c^onoo  o  on  o  cm  cocm^- coin^  vo 

O'O'O'OOOOOOOOOOOOOOOO^-Or-^-^-r-r-t-^—f-t-^-f- 

in  min  nO  VO  VO  vO  vo  vo  vo  VO  vO  vo  vO  vO  vO  vO  vo  vO  vO  vO  vO  vo  vo  vo  vO  vO  vO  vo  vo  vo  VO 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 


c*-CMin=r-=r.=r  cnOi-  mmmm=r  cn*- 

vo 

mmvo  cm  invo  in 

ir>t— c— 

Or- JT  L0t^<7><7'0'0' 

t— o-=rm 

00 

CM  «—  »—  CM  mCM r— OCMt— r~CMOin 
II  II  V  r- 

1 

o 

CM 

CO*—  vOCT'OCMr- 
i  »-  i 

I 

f-e-ooo«-vo 

i 

t—  c—  m=rvo  me— in^ 

ill  i 

vOCOt—O 

i  I 

CM 

i 

inoNin^ocMOCMvovoin=3-cMco  r- 
vo  moNCMONomooooinoNCM  c— oo-=r 

OOCMCO  C— •—  O  CM  O  OONVOvO  o  O  CM 

c^ONOCM-=rvoc—  ono*-cm-=t  int— i— 

O' 

CM 

ON 

*—  o  in*— VO  r—ZT 

•=r  in^c^-=r  cm  in 
oocm  cnoo  in  min 
omcM^  mvo-=r 

O  r-VOOOOO 
me— c— c— onc— 
cninoocnf-ON 
mcoinoNvooN 

m=r  r-mcMONcncM  *- 
m  m^- ^3*  vo  enr- on  cm 

mr-ine-4-  *-<MCMe- 
Ovo  o  mo  iao4  on 

c— >=r  om 
ono^vo 
co^-cnoN 
^-ooovo 

CO 

ON 

m 

m 

j=r  mm  cm  t-  o  oncooo  c— vo  m=r  cocm 

C— C— t— t- C^-VO  VO  VO  VO  VO  VO  VO  vo  VO 

in  in  in  in  in  in  in  in  in  in  in  in  in  in  in 

mmmmmmmmmmmmmmon 

o 

vO 

in 

m 

onoo  t— no  m=r  m 
in  in  in  in  in  in  in 
in  in  in  in  in  in  in 
mmmmmmm 

«—  o  ON  oo  t— vo 
Lrnn^TiT^r^r 

inintnininin 

mc^mmmm 

ifimmr-  *-ONONt— vo 
sr  zr  zt  xr  rnenmec) 

mmmmmmmmm 

mmmmmmmmm 

mcvjr-o 

menmm 

mmmm 

mmmm 

oo 

CM 

m 

m 

t— oo  O'  o  *-  cm  cn=r  inNO  t— oo  on  o  »-  cm  cn=r  invo  t-oo  on  o  cm  c*>=r  invo  t— oo  on  o  *-  cm  cr«*  invo  t-oo  on  o  *-  cm  invo 

*“r— cmcmcmcmcmcm  cm  cmcmcm  mmmmmmmmmcvvrrr^r-^-^^-^^-ir-sr  in  in  in  in  in  in  in 


275 


r*r  ttt  15 ; » d  t  ’> 1111 "  '* 

A 

: 


. v*y*'yif\i*yi[p\ qc V> w  w n* n. 


^  V"' 


In 


n-co  a>  o  *-  oj  m=r  invo  n-co  ov  o *-  <\J  co=r  lo 
LO  LO  LOVO  vOvO  \gO  VO  vO  VO  vOvO  vo  n-  n-  n- n-  e*- n- 


C\Kna''C\iCO*-vON-*-^TN-*-=rOVO 
i~  »-r-CMr-  *—*—•— CVJ  *— CO*— 


in  r-  cvj  n-co  in  ov  in  cm  <m  o  in  otko  co 

I  •  i  *-*-  *-  »- 


cg  *-  in  ov  *- n-  in  ov  ov  r-  co=r  vo  c\j  -=r 
oocooowoovoinvo*— coinvoco*- 

oot-covD-d-aaNOOONOMnvocnr- 
moor-koo^voo^vi'ooco  N-in-^ 


N-CO  OO  OvaO  O  Ov  *—  O  OJ  *—  CVJ  *—  OOOJ 
irurunUMfNVO  L nvOvO  vOvOvO  vOvOvO 


mroromcom  coco  on  on  com  rococo 


1  1 

O  1 

co 

o 

\  \ 

E  1 

lOr-COONN 

invo 

N-vooin 

OJ 

CO 

1  1 

3  | 

■r—  r—  t— 

t“— 

o 

1  1 

o  * 

1- coN-irw=r 

N-in 

00003- 

CO 

1  1 

1  1 

i  r-  i 

1 

1  1 

O  1 

i 

CO 

1  1 

1 

oovo^r  inovoj 

co 

voon^tvo 

CO 

c r\ 

1  vo  1 

m  i 

ovin coco  com 

N-t- 

T-^r  o «— 

co 

cv 

1  OJ  1 

n  i 

vo «-  in  co  t-  co 

in  in 

■=r  CMON- 

o 

vo 

1  vo  1 

O  1 

-=r  ojcrvvo^r «— 

in  cvj 

VOCOOVO 

CO 

CO 

1  1 

OS  1 

Or-t-C\l(YW 

invo 

C^COOVOV 

VO 

vo 

1  r—  1 

1 

00  cococococo 

coco 

CO  CO  coco 

N- 

i  O  I 

1 

t*— t1— N- 

0-N- 

p —  f — 

CO 

CO 

1  OJ  1 

1 

CO  co  CO  CO  coco 

coco 

CO  coco  CO 

OvOCT'^r  N- 

OOMOr- 

av^r^r 

1-  OJ 

r- 

*—  oj 

r— =r  ojav-=r 

-=T  i~OCO 

*-coo 

1  1  T-  | 

1  1 

*“  *“ 

CMnin-=r  o- 

N-OJCTvN- 

c^ooo 

c\jcoin»~-=T 

oo>cooj 

o^r  in 

OOVOCOCOOO 

inovovo 

«-  inco 

inco^-*— 

•  •  #  •  • 

•  •  •  • 

•  •  • 

oo  co  vo  in  co 

i—  r-  CT^Ov 

t- 

VOVO  vOVOvO 

vovoinin 

ininin 

vo  VO  VOvOvO 

vo  VOVOVO 

vOvOvO 

cococococo 

coco  coco 

rococo 

CO 

OJ 


ON 

N- 

CO 

in 


*-  ov 


VO 

CO 


co 

*— ooo «—  *— 

av 

in 

-=r 

f—  COt—  Cvj  •— 

cu 

»— 

oj 

OjvOOMnCVJCO 

o 

00 

*-  1  OJ  1 

1 

*— 

i 

I 

o 

OVOOVOOO 

o 

y— 

*-o>vovo  oo 

VO 

VO 

•=r 

cvj 

N-^-avoooco 

VO 

VO 

r— 

vo 

onjaOr-N- 

in 

CO 

VO 

• 

• 

• 

• 

in 

vo  CON-CO  GOO 

o 

r— 

00 

«— 

T-f-r-f-r-T- 

OJ 

CVJ 

OJ 

vO 

VO  vOvO  VOvOvO 

vo 

vO 

vo 

CO 

co  cococo  co  CO 

CO 

CO 

00 

CON-  Ov  N-  O 

in 

N- 

^r 

v— 

OJ 

oj  oj  cvj  vo  -=r 

GO 

ON 

Ov 

r-  | 


*— 

CO 

ao 

ov 

OJ 

vO 

•=r 

oo*- 

O 

co 

vo 

vo 

T— 

T— 

ino 

Cvj 

< — 

oo 

CO 

VO 

vo 

vo^r 

OJ 

o 

0- 

in 

OJ 

Ov 

•  • 

k 

• 

• 

• 

• 

• 

vOvO 

-=r 

og 

Ov 

0* 

in 

OJ 

OJ  OJ 

OJ 

CVJ 

« — 

T— 

in  in 

in 

in 

in 

in 

in 

in 

COCO 

co 

CO 

CO 

co 

co 

CO 

N-COOvO  *— 

oj  co=r  invo  n-co  ov  o 

in  in  invo  vovovo  vovovo  vovovo  c 


.*  /  »*  «*  •*.  •*.  *"«.  ^ ■  '**  *»_*  •. 


o  \ 

O  1 

i 

C  1 

* — 

inojooov 

o  oo  cri  invo 

i  i 

Zd  1 

*- 

CM*-  *- 

O  1 

VO 

cvjcoinoo 

»-co-=r  coco  N-^r  *-  cocvj 

r—  I 

1  1 

CVJ  * —  | 

II  111 

OJ  1 

O  1 

1 

OJ  1 

1 

< —  1 

1 

N- 

VOOVCOCJ 

o  cvj  cjvo  o  t-  ro*~ 

1 

n  i 

00 

•=r  oooj^- 

o  av  oj  o  o  in  *—  inoo  *- 

1 

n  i 

vO 

COO  N-CO 

k—  COvOCO  OOVOV  00  vo  in 

1 

o  t 

vO 

Oojmiri 

oj  co^r  invo  n-co  ov  o 

1 

1 

• 

•  •  •  * 

1 

Ou  1 

OJ 

•-OOVOO 

m=r  OOCVJ  *—  O  OvaO  N-  N- 

1 

1 

OJ 

t — » —  i —  »— » —  t —  o  o  o  o 

1 

1 

N- 

N-N-N-N- 

b— N-f*-N-t>~N-f*~N- 

1 

1 

CO 

COCOCOCO 

co  coco  co  CO  COCO  CO  CO  CO 

<\ico=r  invo  N-ao  o%o  *- c\j  co=r  invo  n-co  ovo*-cvjco 

*-*-*-*-*-*-c-*-*-*-C\J<\JC\JCU 


i  I  I  I 


c\i^rcr*o>*- 

ov=r  go  oj  in 
owocvjovin 


O  «—  Oj  CVJ  CO 


COCO  COCO  CO 


o 

c 

inov 

■=rooav 

OJ 

o 

COOV 

OVr-iT 

1 

1  1 

r— 

o 

N-in 

in*— =r 

w 

COST 

N-N-O 

JO 

N-CO 

00CVJVO 

o 

*-Ov 

*—  OvvO 

•  • 

■  •  • 

cc 

in  in 

COOOOV 

in  in 

in  in  in 

in  in 

in  in  in 

coco 

cococo 

o 

c 

r> 

*~ 

o 

OvJ 

1 

r— 

o 

1 

■=r 

CO 

co 

n 

N- 

o 

O 

CL 

00 

cocoqocoomdojo 

C\J  *-  *-*-*- 


ovcvj  invo  ininco*- 
«-  i  i  *-  i 

i  i 


OvO  l—CO 

OOOvOOJ 


N-*-coovinvooooo 
vo  *-  N-N-oocoinN- 
ojjsr^r^-^- cor-ov 
ooinojowocoovo 


OvoON-*- 

ONOON 

COOWO  O 

o  vo  coo 


*—  oj  coco=r  invovo 
vOvO  VOVOVO  vOvOvO 

in  in  in  in  in  in  in  in 
co  cococo  co  co  co  co 


ooooavo 
vOvOvO  N- 
in  in  in  in 
co  co  coco 


^  N-co  ovovojn-co=t  coco 


o  cvj  co=r  o  co*— vo  *- 

ojoj  i  *—  I  l| 


OON- 
vO  *— 


I 


in  o  invo  omo  *-  n-  o  oo 
ov*— vooocoojovt'-coojm 
N-=r  ov-=ra^covoovc\j-=r  in 
t — ovo  oj  coinvo  n-coo  *- 


COOv 

OV*- 

vovo 

m=T 


in 

co 


CO  CO  CM  *—  O  O>C0  N-  N-vO 

zrzT=Tzr=r=T  coco  rococo 
in  in  in  in  in  in  in  in  in  in  in 
co  co  co  coco  co  co  coco  co  co 


-ST  CO 
coco 
in  in 
coco 


oj  co=r  nvo  n-oo  av  o  *— oj  co=r  invo  n-oo  av  o  r- <m  co 

*-*“*-i-*-*-*-*“*-*-0J0J0JCVJ 


276 


.  .  V..V 


•  <\3 

r  s.  ** 


m 

*,*  \*  V 

sv-*>: 

'to  V 

*■.  *  ■  .  1 


.-  -M 

vT^v 


v.v.'v 

V.V.-J 

VV',1 

vV\ 

re? 

fcJS 


w\ 


’/vS, 

I.'*-*'* 


>•7^7 

.*  V  \ 


V  V 


•vs- 


,.v.v 


.  *.  -\  ••.  . 

‘  'AtjLAJlmdm 


6661*  1  ZLZ 


■=r  »-  O  VO  OvCO  *-  O  =T  VO 
*-t-(MCMCM*- 

t*-r~CO^OV 

co*-ooo 

*-*-mcM 

vO 

vo 

oovo*-*-vomincMCMvo 

1  yCM*-  I  |  | 

ov  *—  m^—  o 

i  *- 
I 

CMCCVTO 

"T 

m 

m 

T 

C-— -=r  *—  cnjoo  *—  o  vo  moo  c*— 

coao-=r «— vo 

JTr-CMVO 

m 

CTv 

*—  cr*vo  =r  a>  *— . =r  *—  t-  cm  vo 

*— OvOVOOO 

*-^TCM-=r 

vO 

CM  OCX'0>-=J“vO  t-^o  s-c\j  m 

f-ov=r  in^r 

cnoavav 

vO 

■=r 

Oaom*-s-moovmcMvo 

GNNi-oro 

ininvovo 

CO 

*- 

•=T -=T  UOvOvO  t — COCO  OvO  o 

^CMon=r^ 

invovot- 

CO 

CMCMCMCMCMCMCMCMCM  CO  CO 

mcomonm 

mmmm 

m 

•=r 

S-C-t—  t— t*— t—  S-  C*— fr— 

t—f'-s-s- 

t- 

c*- 

mmmmmmmmmmm 

mmmmm 

mmmm 

cn 

on 

b- co 

co-=r*- 

covo 

ovoino 

in 

*-s- 

co 

vOCMS-CM 

CM  ■— 

*-*-CM 

CM  CM 

(Mr- 

CM 

*-*-*-*- 

CM*- 

orvi-=r 

in  cm 

•=r  in  moo 

Ov 

CMC- 

CM 

VOvOvO*— 

CM 

*—  T— 

» 

i 

1 

*-  1 

1 

» 

i  i 

S-O 

cm  in  vo 

-=r-=r 

m 

o 

o><o 

o 

vo-=r  moo 

in  on 

*-  CMOS 

mo 

CM  CM  CM  zr 

■=r 

mo- 

CM 

s-ovvoin 

os 

in  mo 

^rvo 

in  in*- cm 

o*=r 

O 

*-CM 

invooo 

OO 

OJ  ^T-^-vO 

t- 

ovo- 

00  CM  00  CM 

moo 

oavxi 

S-VO 

-=r  mc\i  *- 

ers 

S-vO 

•2T 

0  00000 

oo 

OOMJv 

CTvOv 

0^0>0vC7v 

CO 

COCO 

00 

coco  S-S- 

s-e*- 

O-VOVO 

VO  vO 

vOvOvOvO 

vo 

VOVO 

VO 

vOvOvOvO 

mm 

mmm 

mm 

mmmm 

m 

mm 

m 

mmmm 

avo*-CMm=r  invor--co  ov  o*- cm  cr»-  invot>-oo  ov  o»- cm  m=r  in  vos-coo>o 
*-cmcmc\jcmcmcmcmcmcmc\j  mmmmmmmmmm=r 


rr 


Software  Listings 


CONTST  -  Performs  control  and  data  acquisition  for 
the  AFGL  High  Resolution  Interferometer  . 


FILFIX  -  Performs  phase  correction  and  numerical 

filtering  on  a  single  sided  interf erogram 


BIGFFT  -  A  Fast  Fourier  Transform  (FFT)  program 

which  can  be  used  to  transform  a  data  set 
larger  than  will  fit  into  the  central 
memory  of  a  computer  . 


REGFIT  -  An  interactive  rotation-vibration  line 
assignment  program  . 


/CONTST 


PAL8-V7 


/CONTST 

/PROGRAM  FOR  DIGITAL  CONTROL  OF  INTERFEROMETER. 
/  9/18/80 


6007 

/EXTERNAL  SUBROUTINES  NEEDED:  LAB8C , PLOT , PLTRTE 
/MTHLE,MAXCKB,LAB8E,WERI,PRISUB. 

CAF-6007 

6732 

MCAF-6732 

7443 

DAD-7443 

7445 

DST-7445 

7621 

CAM-7621 

7763 

DLD-7763 

7765 

DDZ-7765 

7431 

SWAB-7431 

7415 

ASR-741 5 

0010 

*10 

0001  0 

0000 

ERRPOI ,0 

0200 

*200 

00200 

7000 

NOP 

00201 

4777’ 

JMS  START 

00202 

4776’ 

CONTI , JMS  INITL 

00203 

4775' 

C0NT2.JMS  SETCR 

00204 

7000 

NOP 

00205 

4774. 

JMS  STEP 

00206 

4773. 

BUFWR , JMS  AREAD 

00207 

4772’ 

JMS  BUFWRT 

00210 

2771  ’ 

ISZ  WCC 

0021  1 

5203 

JMP  C0NT2 

00212 

7300 

DUMP , CLL  CLA 

00213 

4632 

JMS  I  POUT 

0021  4 

2000 

2000 

00215 

7777 

7777 

0021  6 

4631 

JMS  I  MTWRT 

00217 

5400 

5400 

00220 

4633 

JMS  I  PLOTB 

00221 

2770’ 

ISZ  RCNTR 

00222 

5224 

JMP  R1 

00223 

5227 

JMP  R2 

00224 

7300 

R1  , CLA  CLL 

00225 

4767* 

JMS  CHKB 

00226 

5202 

JMP  CONTI 

00227 

4766’ 

R2  ,  JMS  FINISH 

00230 

7402 

HLT 

00231 

4431 

MTWRT, 4431 

00232 

5021 

POUT, 5021 

00233 

1  600 

PLOTB, 1 600 

/SUBROUTINE  WRERR 

/WRITES  INFORMATION  TO  FIELD  TWO  WHEN  AN 
/ERROR  OCCURES. 

/NOTE  ERRPOI  IS  AUTO  INCREMENT 

/STORED  IN  THIS  ORDER 

/RECORD,  STEP,  STEP  MAX,  STEP  MIN, 

/HOLD  MAX,  LENGTH  OF  STEP,  HOLD  MIN. 


00234 

0000 

WRERR, 0 

00235 

7300 

CLA 

CLL 

00236 

2273 

ISZ 

ECOUNT 

00237 

5245 

JMP 

WRE2 

00240 

1365 

TAD 

(2777 

00241 

3010 

DCA 

ERRPOI 

00242 

2274 

ISZ 

EPAGE 

00243 

1  364 

TAD 

(-555 

00244 

3273 

DCA 

ECOUNT 

00245 

1  763' 

WRE2.TAD  RCNR 

00246 

7041 

CIA 

00247 

7001 

I  AC 

00250 

1  770' 

TAD 

RCNTR 

00251 

6221 

6221 

00252 

3410 

DCA 

I  ERRPOI 

00253 

1275 

TAD 

NUMSTP 

00254 

3410 

DCA 

I  ERRPOI 

00255 

1276 

TAD 

STPMAX 

00256 

3410 

DCA 

I  ERRPOI 

00257 

1  277 

TAD 

STPMIN 

00260 

3410 

DCA 

I  ERRPOI 

00261 

1300 

TAD 

STPLEN 

00262 

3410 

DCA 

I  ERRPOI 

00263 

1301 

TAD 

HLDMAX 

00264 

3410 

DCA 

I  ERRFOI 

00265 

1  302 

TAD 

HLDMIN 

00266 

3410 

DCA 

I  ERRPOI 

00267 

6201 

6201 

00270 

3301 

DCA 

HLDMAX 

00271 

3302 

DCA 

HLDMIN 

00272 

5634 

JMP 

I  WRERR 

00273 

0000 

ECOUNT, 0 

00274 

0000 

EP AGE , 0 

00275 

0000 

NUMSTP ,0 

00276 

0000 

STPMAX , 0 

00277 

0000 

STPMIN ,0 

00300 

0000 

STPLEN, 0 

00301 

0000 

HLDMAX , 0 

00302 

0000 

HLDMIN , 0 

28  2 


00400 

00401 

00402 

00403 

00404 

00405 

00406 

00407 

00410 

0041  1 

0041  2 

0041  3 

0041  4 

0041  5 

0041  6 

00417 

00420 

00421 

00422 

00423 

00424 

00425 

00426 

00427 

00430 

00431 

00432 

00433 

00434 

00435 

00436 

00437 

00440 

00441 

00442 

00443 

00444 

00445 

00446 

00447 

00450 

00451 

00452 

00453 

00454 

00455 

00456 


0400  *400 

/ROUTINE  STERR 

7300  STERR, CLA  CLL 
1377  TAD  (-240 
1776’  TAD  STPLEN 
7700  SMA  CLA 
5227  JMP  TOOLG 
1376  TAD  (300 
1775’  TAD  STPMIN 
7700  SMA  CLA 
5225  JMP  NONRE 
1374  TAD  (-300 
1773'  TAD  STPMAX 
7500  SMA 
5225  JMP  NONRE 

7300  RECOV , CLA  CLL  /RECOVERABLE  STEP  ERROR 
1372  TAD  (777 

3771 '  DCA  HLDMAX  /TO  SHOW  RECOVERED 

4770'  JMS  WRERR 

7040  CMA 

1767'  TAD  NUMSTP 

3767'  DCA  NUMSTP 

5766'  JMP  STEP2 

4770'  NONRE , JMS  WRERR  /NON  RECOVERABLE 
5765'  JMP  BUFWR 

7300  TOOLG, CLA  CLL  /TOOK  TOO  LONG  TO  STEP 

1776'  TAD  STPLEN  /CHECK  TO  SEE  IF  IT  WAS  2777 

1364  TAD  (-2777 

7440  SZA 

5225  JMP  NONRE 

5215  JMP  RECOV 

0000  AREAD.O 
4763'  AREAD2 , JMS  CLRSUM 
1311  TAD  CHPCNT 
3312  DCA  WWC 
4714  JMS  I  RADCK 
0000  0 
7500  7500 

0350  350 

5762’  JMP  HOLER 
7300  Cl , CLA  CLL 
6007  CAF 

4716  JMS  I  CLI02 
4713  JMS  I  PINAD 
0000  0 

4000  4000 

5762'  JMP  HOLER 

4717  JMS  I  MICRO 

7770  7770 
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00457 

4715 

JMS  I  POUT2 

v\» 

••  .N 

f-  00460 

1000 

1  000 

[•  00461 

7776 

7776 

>.  00462 

4761  ' 

JMS  ADSUM 

1  00463 

0001 

1 

>.  00464 

7750 

7750 

A  -  V 

'  00465 

4715 

JMS  I  P0UT2 

3  , 

t>  00466 

1  000 

1  000 

|3  00467 

7776 

7776 

£  00470 

4714 

JMS  I  RADCK 

iL"> 'v 

|  *  00471 

0000 

0 

K 

00472 

7756 

7756 

00473 

01  50 

150 

k  00474 

5762' 

JMP  HOLER 

'/  00475 

4715 

JMS  I  P0UT2 

•/  ■ . 1  * 

^  00476 

1  000 

1  000 

A'.'  -V 

|  00477 

7777 

7777 

!  -j—  - 

£  00500 

4761  ' 

JMS  ADSUM 

*•'  00501 

0002 

2 

k  00502 

7750 

7750 

t  00503 

4715 

JMS  I  P0UT2 

00504 

1000 

1  000 

V  00505 

7776 

7776 

;  00506 

2312 

ISZ  WWC 

3  00507 

5246 

JMP  Cl 

,VN> 

•:  00510 

5635 

JMP  I  AREAD 

■vv 

■“  v  « 

i  00511 

7764 

CHPCNT ,7764 

L. : 

P  00512 

0000 

WWC,0 

.•  00513 

5132 

PINAD ,5132 

\--.v 

00514 

5301 

RADCK, 5301 

00515 

5021 

P0UT2 , 5021 

CLI02 , 5056 

0051  6 

5056 

j  00517 

5045 

MICRO, 5045 

v'  *s-“ 

r 

f.  00520 

5065 

ADREA , 5065 

00561 

1  025 

'  00562 

0303 

V.V.*. 

-  00563 

1  056 

< 

■  00564 

5001 

00565 

0206 

k  00566 

0677 

;•  00567 

0275 

*:  00570 

0234 

.V*v 

*  00571 

0301 

!  00572 

0777 

X  00573 

0276 

V  *V 

00574 

7500 

yy-'. 

Ir  .  00575 

0277 

00576 

0300 

>  00577 

! 

* 

a 

fL  .,  :  :v; : :  /av.: 

7540 
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0600 

*600 

00600 

0000 

INITS.O 

00601 

7300 

CLA  CLL 

00602 

3215 

DCA  PNTR 

00603 

1  21  4 

TAD  WC2 

00604 

3216 

DCA  CNTR 

00605 

6221 

6221 

00606 

3615 

DCA  I  PNTR 

00607 

6201 

6201 

00610 

2215 

ISZ  PNTR 

0061  1 

2216 

ISZ  CNTR 

00612 

5205 

JMP  .-5 

00613 

5600 

JMP  I  INITS 

0061  4 

5400 

WC2.5400 

0061  5 

0000 

PNTR , 0 

00616 

0000 

CNTR , 0 

0061  7 

0000 

START  ,0 

00620 

7300 

CLA  CLL 

00621 

6032 

KCC 

00622 

6031 

KSF 

00623 

5222 

JMP  .-1 

00624 

6036 

KRB 

00625 

6046 

TLS 

00626 

6041 

TSF 

00627 

5226 

JMP  .-1 

00630 

7300 

CLA  CLL 

00631 

6732 

MCAF 

00632 

4646 

JMS  I  REWIND 

00633 

7300 

CLA  CLL 

00634 

1377 

TAD  (2777 

00635 

3010 

DCA  ERRPOI 

00636 

1376 

TAD  (-555 

00637 

3775’ 

DCA  ECOUNT 

00640 

1  247 

TAD  RCNR 

00641 

3245 

DCA  RCNTR 

00642 

3250 

DCA  CKK 

00643 

3651 

DCA  I  ERCOUN 

00644 

5617 

JMP  I  START 

00645 

0000 

RCNTR, 0 

00646 

4506 

REWIND, 4506 

00647 

4000 

RCNR, 4000 

00650 

0000 

CKK ,  0 

00651 

4453 

ERCOUN, 4453 

00652 

0000 

INITL.O 

00653 

7300 

CLA  CLL 

00654 

3774' 

DCA  B2PNTR 

00655 

3773' 

DCA  NUMSTP 

00656 

1  372 

TAD  (6600 

00657 

3263 

DCA  WCC 
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AD-A173  8(8 
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CARBON  DIOXIDE  LINE  POSITIONS  IN  THE  28  AND  43  MICRON 
REGIONS  AT  888  KELV.  .  OJ)  UTAH  STATE  UNIV  BEDFORO  HA 
STEMART  RADIANCE  LAB  H  P  ESPLIN  ET  AL.  19  FEB  8« 
SCIENTIFIC-16  AFGL-TR-86-8846  F/G  7/4 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BURIAU  Of  STANDARDS  1963  A 


00660 

4200 

JMS  INITS 

00661 

4267 

JMS  CLIO 

00662 

5652 

JMP  I  INITL 

00663 

0000 

WCC,  0 

00664 

0000 

SETCR.O 

00665 

7200 

CLA 

00666 

5664 

JMP  I  SETCR 

00667 

0000 

CLIO, 0 

00670 

7300 

CLA  CLL 

00671 

7040 

CMA 

00672 

6503 

6503 

00673 

6505 

6505 

00674 

6500 

6500 

00675 

5667 

JMP  I  CLIO 

00676 

0000 

STEP , 0 

00677 

7300 

STEP2 ,CLA  CLL 

00700 

2773’ 

ISZ  NUMSTP 

00701 

4744 

JMS  I  P0UT3 

00702 

4000 

4000 

00703 

7740 

7740 

00704 

4267 

JMS  CLIO 

00705 

4745 

JMS  I  PNADM 

00706 

0000 

0 

00707 

2000 

2000 

00710 

0000 

A1  ,0 

0071  1 

0000 

A2 , 0 

00712 

0000 

NUM ,  0 

00713 

7300 

CLA  CLL 

00714 

1312 

TAD  NUM 

00715 

3771  ' 

DCA  STPLEN 

00716 

1  310 

TAD  A1 

00717 

3770* 

DCA  STPMAX 

00720 

131  1 

TAD  A2 

00721 

3767’ 

DCA  STPMIN 

00722 

1310 

TAD  A1 

00723 

7041 

CIA 

00724 

1  346 

TAD  MAXA 

00725 

7700 

SMA  CLA 

00726 

5342 

JMP  STPERR  /NO 

MAX 

00727 

1347 

TAD  MINA 

00730 

7041 

CIA 

00731 

131 1 

TAD  A2 

00732 

7700 

SMA  CLA 

00733 

5342 

JMP  STPERR  /NO 

MIN 

00734 

1350 

TAD  MAXNUM 

00735 

7041 

CIA 

00736 

1312 

TAD  NUM 

00737 

7700 

SMA  CLA 

00740 

5342 

JMP  STPERR  /TOOK  TOO  LONG 

00741  5676  JMP  I  STEP 

00742  5766'  STPERR.JMP  STERR 

00743  5676  JMP  I  STEP 


00744 

5021 

P0UT3 , 5021 

00745 

5200 

PNADM , 5200 

00746 

0200 

MAXA.200 

00747 

7550 

MINA, 7550 

00750 

1000 

MAXNUM , 1 000 

00766 

0400 

00767 

0277 

00770 

0276 

00771 

0300 

00772 

6600 

00773 

0275 

00774 

1076 

00775 

0273 

00776 

7223 

00777 

2777 

1000 

*1000 

01000 

0000 

FINISH, 0 

01001 

7300 

CLA  CLL 

01002 

4606 

JMS  I  WRTEOF 

01003 

7300 

CLA  CLL 

01004 

1777' 

TAD  RCNTR 

01005 

5600 

JMP  I  FINISH 

01006 

4517 

WRTEOF, 4517 

01007 

0000 

CHKB.O 

01010 

6036 

KRB 

0101  1 

1215 

TAD  NEGS 

01012 

7440 

SZA 

01013 

5216 

JMP  RR 

01014 

5776' 

JMP  R2 

01015 

7455 

NEGS, 7455 

01016 

7300 

RR , CLA  CLL 

01017 

4624 

JMS  I  ADREDD 

01020 

0004 

0004 

01021 

0000 

IIC,0 

01022 

7300 

CLA  CLL 

01023 

5607 

JMP  I  CHKB 

01024 

5065 

ADREDD, 5065 

/SUBROUTINE  ADSUM 

/READS  DATA  FROM  A/D  CHANAL  ARG1  AND  SUMS 
/DOUBLE  PRECISION  TO  AAM . 

/ARG2  IS  WORD  COUNT  (TWO'S  COMPLEMENT) 
01025  0000  ADSUM, 0 

01026  1625  TAD  I  ADSUM 


01027 

6531 

6531 

01030 

6532 

6532 

01031 

2225 

ISZ  ADSUM 

01032 

1625 

TAD  I  ADSUM 

01033 

3253 

DCA  WBC 

01034 

2225 

ISZ  ADSUM 

01035 

7431 

SWAB 

01036 

6534 

CKAD, 6534 

01037 

5236 

JMP  CKAD 

01040 

6533 

6533 

01041 

6532 

6532 

01042 

7415 

ASR 

01043 

0014 

14 

01044 

7443 

DAD 

01045 

1054 

AAM 

01046 

7445 

DST 

01047 

1054 

AAM 

01050 

2253 

ISZ  WBC 

01051 

5236 

JMP  CKAD 

01052 

5625 

JMP  I  ADSUM 

01053 

0000 

WBC ,  0 

01054 

0000 

AAM,  0 

01055 

0000 

AAM2.0 

/SUBROUTINE  CLHSUM 

/CLEARS  DOUBLE 

PRECISION  AAM. 

01056 

0000 

CLRSUM.O 

01057 

7431 

SWAB 

01060 

7765 

DDZ 

01061 

1054 

AAM 

01062 

5656 

JMP  I  CLRSUM 

/SUBROUTINE  BUFWRT 

/WRITES  AAM  TO 

BUFFER 

01063 

0000 

BUFWRT, G 

01064 

7300 

CLA  CLL 

01065 

1255 

TAD  AAM2 

01066 

6221 

6221 

01067 

3676 

DCA  I  B2PNTR 

01070 

2276 

ISZ  B2PNTR 

01071 

1254 

TAD  AAM 

01072 

3676 

DCA  I  B2PNTR 

01073 

2276 

ISZ  B2PNTR 

01074 

6201 

6201 

01075 

5663 

JMP  I  BUFWRT 

01076 

0000 

B2PNTR , 0 

01 1  76 

0227 

01177 

0645 

/LAB8C 


PAL8-V7 


/LAB8C 

/SUBROUTINE  PNADM  (READ  A/D  AND  FIND  MAX 
/AND  MIN  WHILE  WAITING  FOR  A  FLAG) 

/ARG1  IS  A/D  CHANAL,  ARG2  IS  WHICH  FLAG 
/ARG3  IS  MAX,  ARG4  IS  MIN,  ARG5  IS  LENGTH 


5200 

*5200 

05200 

0000 

PNADM,  0 

05201 

7300 

CLA  CLL 

05202 

1600 

TAD  I  PNADM 

05203 

6531 

6531 

05204 

6532 

6532 

05205 

2200 

ISZ  PNADM 

05206 

1600 

TAD  I  PNADM 

05207 

3277 

DCA  PIN 

0521  0 

2200 

ISZ  PNADM 

0521  1 

1377 

TAD  (2000 

05212 

3275 

DCA  MIN 

05213 

1376 

TAD  (-2000 

0521  4 

3274 

DCA  MAX 

05215 

3276 

DCA  LENGTH 

05216 

6502 

PINCK , 6502 

05217 

5240 

JMP  ADCK 

05220 

6504 

6504 

05221 

6503 

6503 

05222 

0277 

AND  PIN 

05223 

7450 

SNA 

05224 

5240 

JMP  ADCK 

05225 

7300 

RET, CLA  CLL  /RETURN 

05226 

1274 

TAD  MAX 

05227 

3600 

DCA  I  PNADM 

05230 

2200 

ISZ  PNADM 

05231 

1275 

TAD  MIN 

05232 

3600 

DCA  I  PNADM 

05233 

2200 

ISZ  PNADM 

05234 

1276 

TAD  LENGTH 

05235 

3600 

DCA  I  PNADM 

05236 

2200 

ISZ  PNADM 

05237 

5600 

JMP  I  PNADM 

05240 

6534 

ADCK, 6534 

05241 

5216 

JMP  PINCK 

05242 

6533 

6533 

05243 

3300 

DCA  POINT 

05244 

6532 

6532  /START  A/D  AGAIN 

05245 

2276 

ISZ  LENGTH 

05246 

5253 

JMP  .  +5 

05247 

7300 

CLA  CLL 

05250  1375  TAD  (2777 

05251  3276  DCA  LENGTH 

05252  5225  JMP  RET 

05253  1274  TAD  MAX 

05254  7041  CIA 

05255  1300  TAD  POINT 

05256  7700  SMA  CLA 

05257  5266  JMP  LAR 

05260  1275  TS , TAD  MIN 

05261  7041  CIA 

05262  1300  TAD  POINT 

05263  7710  SPA  CLA 

05264  5271  JMP  SML 

05265  5216  JMP  PINCK 

05266  1300  LAR, TAD  POINT 

05267  3274  DCA  MAX 

05270  5260  JMP  TS 

05271  1300  SML, TAD  POINT 

05272  3275  DCA  MIN 

05273  5216  JMP  PINCK 

05274  0000  MAX , 0 

05275  0000  MIN ,  0 

05276  0000  LENGTH, 0 

05277  0000  PIN , 0 

05300  0000  POINT, 0 

/SUBROUTINE  RADCK  (READ  A/D  AND  CHECK 
/FOR  ERRORS) 

/ ARG1  IS  A/D  CHANAL 

/ ARG2  IS  WORD  COUNT  (TWO'S  COMPLEMENT) 
/ ARG3  IS  MAX  ALLOWED  DIFFERENCE 
/RETURN  AT  ARG3+1  IF  A/D  VALUE  OUTSIDE 
/OF  RANGE. 

/RETURN  AT  ARG3+2  NORMAL  RETURN 

05301  0000  RADCK, 0 

05302  7300  CLA  CLL 

05303  1701  TAD  I  RADCK 

05304  6531  6531 

05305  6532  6532 

05306  2301  ISZ  RADCK 

05307  1701  TAD  I  RADCK 

05310  3340  DCA  COUNT 

05311  2301  ISZ  RADCK 

05312  1701  TAD  I  RADCK 

05313  3341  DCA  MAXR 

05314  2301  ISZ  RADCK 

05315  1341  TAD  MAXR 

05316  7041  CIA 

05317  3342  DCA  NMAX 


05320 

6534 

CKAD.6534 

05321 

5320 

JMP  CK AD 

05322 

6533 

•  6533 

05323 

6532 

6532 

05324 

1342 

TAD  NMAX 

05325 

7500 

SMA 

05326 

5337 

JMP  ERR  /TOO 

LARGE 

05327 

1  341 

TAD  MAXR 

05330 

1  341 

TAD  MAXR 

05331 

7510 

SPA 

05332 

5337 

JMP  ERR  /TOO 

SMALL 

05333 

2340 

ISZ  COUNT 

05334 

5320 

JMP  CKAD 

05335 

2301 

ISZ  RADCK 

05336 

5701 

JMP  I  RADCK 

05337 

5701 

ERR,  JMP  I  RADCK 

05340 

0000 

COUNT, 0 

05341 

0000 

MAXR , 0 

05342 

0000 

NMAX ,  0 

05375. 

2777 

05376 

6000 

05377 

2000 

$ 

PROGRAM  FILFIX 

This  program  is  used  for  phase  correction  and  numerical  filtering. 
PROGRAM  FILFIX( INPUT, OUTPUT, TAPES- INPUT, TAPE6-0UTPUT, 

1TAPF1  TAPP?  TAPFO  ^ 

DIMENSION  a( 4096? ,B(51 2) .OUT (51 2) ,S(51 2) 

DIMENSION  18(512) ,DBUF(256) 

COMMON  BUF(640),INV(512) 

EQUIVALENCE  (BUF( 1 ) ,S( 1 ) ) , ( INV( 1 ) ,DBUF( 1 ) ) 

EQUIVALENCE  ( IA,  A) . ( IB, B) 

THIS  PROGRAM  CAN  BE  USED  WITH  EITHER  A  NORMAL  OR  AN 
INVERTED  INTERFEROGRAM. 

DATA  DOL/"$"/ 

L-4096 

NE-8 

NEG-0 

>00  WRITE(6,104) 

OH  foOMAT(4  EfJTER  m  n,  USER*,/) 

'5,*)  M,N, LASER 
*M 

h^2*M 

M3H-M4-M 

M21-M2+1 

WAVMAX-7899. 000598 /LASER 

M-NUMBER  OF  REAL  POINTS  IN  CORRECTION  FUNCTION  (ONE  SIDE) 
N-NUMBER  OF  POINTS  IN  EVEN  INTERFEROGRAM 
L-NUMBER  OF  INTERFEROGRAM  POINTS  HELD  IN  ME MORI. 

WRITE( 6,105) 

105  FORMAT( *  ENTER  NUMBER  OF  PIECES,  WHICH  PIECE  *,/) 

READ(5.*)  NF.NP 

THE  FREE  SPECTRAL  RANGE  IS  DIVIDED  INTO  "NF"  EQUAL  PIECES. 

ONLY  THE  "NP"  PIECE  IS  PROCESSED. 

ALL  SPECTRAL  FREQUENCIES  WHICH  ARE  NOT  IN  THE  "NP"  PIECE  MUST  BE 
FILTERED  OUT  OR  ALIASING  WILL  OCCUR. 

(see  reference  32  page  85) 

)  WRITE(6, 106) 

)6  FORMAT( *  ENTER  FILTER  ON,  OFF*,/) 

READ( 5, * )  ON, OFF 
I0NM«2*IFIX(M*0N/WAVMAX* .5) 

MWID-2*IFIX(M»OFF/WAVMAX*.5)-IONM+2 
WF I -WAV MAX/ M2 
FON-WFI*IONM 
FOFF-WFI*( IONM+MWID-2) 

WRITE( 6, 1 20)  FON.FOFF 

>0  FORMAT( *  FILTER  FROM«,F8.2,*  T0*,F8.2,»  ENTER  1  TO  CONTINUE*,/) 
READ( 5, *)  ICON 
I F ( IOON. NE. 1 )  GO  TO  40 
WRITE( 6, 1 00)  M, N. L 

100  FORMAT ( *  M-*I5. *  N-*,I7,*  L-*,I5) 

TM-FLOAT(L)/FLOAT(M) 

IF( ( TM-FLOAT( L/M) ) .NE.O)  GO  TO  50 
IFCM.LT.16)  GO  TO  53 
IF(L.LE.M2)  GO  TO  54 
WRITE( 6, 501 ) 

31  FORMAT( *  ENTER  TITLE*,/) 

READ(5,502)  TITLE 

32  FORMAT*  A7 ) 

AE-O. 

NUM-N/NF 

I REV-1  ♦( -1 ) **NP 
STEP- WAVMAX/N 
STARTO-O 

IF(NP.NE.I)  STARTO-WAVMAX*( NP-1 )/FLOAT(NF)+STEP 
WRITE( 2, 500)  DOL, TITLE, NUM.IREV.AE, STEP, STARTO 
30  FORMAT( A1 , A7.2I8, 3E1 8. 1 1 ) 

CALL  RTADEC(A,BUF,DBUF,1 , 1 ,1 ,L,IUNIT) 

IF(IUNIT.NE.-I)  GO  TO  115 


AMAX--1 .OE+30 
DO  30  1-1, L 
X-AU) 

SUM-SUM+X 

IF(X.LT.AMAX)  GO  TO  30 

AMAX-X 

IMAX-I 

CONTINUE 

NME- M2 

AV-SUM/L 

NE2-NE*2 

IF( (NME*NE2) .GT.L)  NME-L/NE2 

HOVE  MAX  TO  MIDDLE  OF  NME 

J-IMAX-NME/2 

DO  32  1-1, NME 

A(I)-A(J)-AV 

J-J+1 

CALL  EXPAND(A,S, INV,NME,NE) 

NNE-NME*NE 

CALL  XMXMN( A,XMAX,IMX.XMIN, IMN.NNE) 
IF(XMAX.GT.  ( ABS(XMIN) ) )  GO  TO 
NEG-1 
IMX-IMN 

PM-IMAX-NME/2+FL0AT(IMX-1 )/NE 

IMAX-PM+.5 

AMAX-A(IMX) 

WRITE(o, 102)  AMAX.PM.AV 

FORMATC//,*  MAX  iS  *  F10.3,*  AT  «  F10.3,* 

CALL  RTADEC( A.BUF.DBUF, 1,1,1, L.IUNIT) 

IF(IUNIT.NE.-I)  G<5  TO  115 

J-IMAX-M 

DO  1  1-1 ,M2 

A(I)-A( J)-AV 

J-J+1 

IF(NEG.LE.O)  GO  TO  18 
DO  13  1-1. M2 
A(D—  A(lj 

PREPARE  FOR  TRANSFORM 
CALL  APTD(A.M) 

CALL  PREHAR(A,M2) 

MH-L0G2(M2) 

CALL  HARM1 D(A,MH.INV, S, 1 , IER) 

IF(IER.NE.O)  WRITE(6,110)  IER 
WRITE(9,103)  (A( I) ,1-1 , M2) 

FORMAT(/, *  ERROR  CONDITION*. 13 ,//) 

GET  CORRECTION  AND  FILTER  IT 

ISA-1 

ISO-IONM 

CALL  ZERO( A, ISA, ISO) 

ISA-ISO+1 

ISO-ISO+MWID 

CALL  MHER( A, ISA, ISO) 

ISA-ISO+1 
ISO- M2 +2 

CALL  ZERO(A. ISA, ISO) 

NEGATIVE  PART 
J-M4-1 

DO  4  1-3. M2, 2 

a(j)-a(i5  % 

A(J+1 )— A(I+1 ) 

J-J-2 

TRANSFORM  BACK  TO  INTERFEROGRAM  DOMAIN 
WRITE(9,103)  (A(I),I-1 ,M2) 

DO  15  1-1 , M2, 2 
12-1*1 
IB( I) -0 

IF(ABS(A(I)).LT.1.E-3)  GO  TO  15 


AV-*,F10.3,//) 


15 

C 


101 


P 

78 

C 


103 


50 
1 1 1 


11' 

111 


53 

113 


5*» 

1U 


IB ( I ) -572 . 958*ATAN( A( 12 ) /A( I ) ) ♦ . 5 
CONTINUE 

WRITE  OUT  PHASE  FUNCTION 
WRITE(9, 1 01 )  (IB(I),I-1 ,M2,2) 

FORMAT ( 1 6 15) 

CALL  HARM1D(A,MH,INV,S,-2,IER) 

IF(IER.NE.O)  WRItE(6, 1 1 0)  IER 

PULL  OUT  AND  REVERSE  REAL  PART 

J-M2+1 

MT-M+1 

DO  5  1-1 ,  MT 

B(I)-A<J5 

J-J-2 

J-M4-1 

MT-MT+1 

DO  6  IJ-HT,M2 

B(IJ)-A(J) 

J-J-2 

CALL  APTD(B,M) 

SCALE  B  SO  THAT  THE  MAX  IS  ABOUT  100,000 
BS  CAL-1 00000 . /ABS( AMAX) 

CALL  BNORM(B, M2, BAV, BSCAL) 

READ  IN  INTERFEROGRAM 

CALL  RTADE C(A,  BUF.DBUF,  1 . 1 , 1 ,  L,  IUNIT) 

IF( IUNIT. NE.-1 )  GO  TO  115 
DO  7  1-1 ,L 
A(I)-A(I)-AV 
IF(NEG.LE.O)  GO  TO  78 
DO  73  1-1,  L 
A(I)—  A(  l5 

NS-POINT  AT  WHICH  TO  START  CONVOLUTING 
NS- I MAX 

N CO UN-NUMBER  OF  POINTS  CONVOLUTED 
NCOUN-O 

NM-NUMBER  OF  POINTS  OUTPUTED 
NM-N/NF 

IOUTBU  TELLS  HOW  MANY  POINTS  IN  OUT  BUFF-1 
IOUTBU-1 

CALL  OONVOL( A, B, OUT .IOUTBU, M,L, NS, NF, NOO UN) 

IF(NOOUN.GE.NM)  GO  TO  9 

CALL  REFILL( A, IA,M,NM,L,NF, AV,NEG,NOOUN) 

GO  TO  8 

IF( IOUTBU. EQ.1)  STOP 
IOUTBU- IOUTBU-1 

WRITE( 2,103)  (OUT( I) ,1-1 .IOUTBU) 

F0RMAT(8F1  0.3) 

STOP 

WRITE( 6, 111) 

FORMAT( // , *  INCOMPATIBLE  L,  M:  M  SHOULD  BE  A  FACTOR  OF  L«) 
GO  TO  200 
WRITE( 6,116) 

FORMAT( *  BAD  TAPE1  ») 

STOP 

WRITE( 6,113) 

FORMAT( *  M  MUST  BE  GREATER  THAN  OR  EQUAL  TO  16») 

GO  TO  200 
WRITE(6, 1 1 4) 

FORMAT( *  L  MUST  BE  LARGER  THAN  2  TIMES  M  *) 

GO  TO  200 
END 

SUBROUTINE  BNORM(A, N, AV, BSCAL) 

DIMENSION  A(1 ) 

SUM-0. 

DO  1  1-1 ,N 
SUM-SUM+ A( I) 

R-N 

AV-SUM/R 


2 


i 

» 

. 

r 

! 

■ 

■ 

i 

i 

k 

c 

i 


C 


c 


1 


c 

c 


c 

c 

c 

c 

c 

c 

c 
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DO  2  1-1 fN 
A(I)-BSCAL«(A(I)-AV) 

RETURN 

END 

SUBROUTINE  ZERO (A, ISA, ISO) 

DIMENSION  A( 1 ) 

IF(ISA.GE.ISO)  RETURN 
DO  1  I- IS A, ISO 
A(I)-0. 

RETURN 

END 

SUBROUTINE  MHER( A, ISA, ISO) 

DIMENSION  A( 1 ) 

IF(ISA.GE.ISO)  RETURN 
DO  1  I- ISA, ISO, 2 
II -1+1 

AMOD-SQRT( A( I) **2+A( II  )**2) 

IF(AMOD.LE.1.E-6)  GO  TO  1 

A(I)-A(I)/AMOD 

A(I1)--A(I1)/AMOD 

CONTINUE 

RETURN 

END 

SUBROUTINE  REFILL( A, IA, M,NM, L. NF, AV, NEG,NCOUN) 

THIS  ROUTINE  REFILLS  THE  INPUT  BUFFER. 

DIMENSION  A(1).IA(1) 

COMMON  BUF(6*10)  ,DBUF(512) 

M2-2*M 

N CO UN-NUMBER  OF  POINTS  CONVOLUTED 

IF  AT  END  FILLS  WITH  ZEROS 

N READ- NUMBER  OF  POINTS  LEFT  TO  READ  +  M2 

NOTE  THERE  IS  ALREADY  M  POINTS  LOADED  WHEN  REFILL  IS  CALLED 
NREAD- ( NM-N  OOUN+ 1 )*NF+M 

COULD  READ  NF-1  POINTS  MORE  THAN  N  PAST  ZERO 
PATH  DIFFERENCE. 

LEREAD  IS  LAST  POINT  TO  BE  READ 
LEREAD-L 

IF(LEREAD.GT. NREAD)  LEREAD-NREAD 
SHIFT  UN CONVOLUTED  PART  TO  LEFT 
J-L-M2 


ySV.vv 

W 

is?? 


N  % 


V, 
>.*  -  * 


:vv 


,\-  v  , 
>» 


V 

vV-W 

■v  \  \  1 

V  V  / 
.■Vv 

■  *  fc  •  » 

r . , 


12 

16 

15 

2 


C 

10 

20 

30 

C 

3 


DO  1  1-1 ,M2 
J- J+1 
A(I)-A(J) 

FILL  A( I) 

MS-M2+1 

IF( LEREAD.LT. MS)  GO  TO  3 
IF(IOF.NE.I)  GO  TO  12 
LEREAD-MS 
GO  TO  3 

CALL  RTADEC(A, BUF.DBUF, 1 , 0, MS , LEREAD , IUNIT) 
IF(IUNIT)  15j6,l> 

IOF-1 
LEREAD- I 

IF(NEG.GT.O)  GO  TO  10 
DO  2  I-MS, LEREAD 
A(I)-A(I)-AV 
GO  TO  30 

INVERTED  INTERFEROGRAM 

DO  20  I-MS, LEREAD 

A(I)— A(I)+AV 

IF( LEREAD. GE.L)  RETURN 

FILL  REST  OF  WAY  WITH  ZERO’S 

NI-LEREAD 

DO  14  I-NI.L 

A( I) -0. 


I 


296 


noon  o  -*  -*  on  o  ,  o  o  o  ooooo 


'.V  '.’V .VA  LVAVVy\'A  '.VLV.\ ".VTV.'V 


RETURN 

17  WRITE(6, 1 10)  N00UN 
110  F0RMAT(*  PARITY  ERROR  AT»,I10) 
STOP 
END 


SUBROUTINE  CONVOL(A,B,OUT. I0UTBU,M,L,NS,NF,N00UN) 
DIMENSION  A( 1 ) ,B( 1 ) ,0UT( 1 ) 

NS-NUMBER  TO  START  CONVOLUTION 

NF- REDUCTION  IN  SIZE  FROM  INPUT  TO  OUTPUT 

NM-NUMBER  OF  POINTS  ON  OUTPUT  OF  CONVOLUTION 

NOOUN-NUMBER  OF  POINTS  CONVOLUTED 

N CON- NUMBER  OF  POINTS  TO  CONVOLUTE 

NCON-(L-NS-M)/NF+1 

ICON-NS-M-NF 

DO  3  IC-1.NCON 

IS-FIRST  ADDRESS  IN  A(I)  WHEN  EACH  POINT  IS  CONVOLUTED 

IS-I CON+I C*NF 

CONVOLUTE  POINT 

SUM-0 

M2-2*M 

J-IS 

DO  1  1-1 ,M2 
SUM»A( J)*B( I)+SUM 
I  J-J+1 

OUT( IOUTBU)-SUM 
OUTPUT  512  POINTS  AT  A  TIME 
IF( IOUTBU.LT. 51 2)  GO  TO  2 
WRITE( 2,103)  (OUT(IO),IO-1,512) 

103  FORMAT* 8F1  0.3) 

I0UTBU-0 

>  IOUTBU-IOUTBU+1 

5  CONTINUE 

NOOUN-NOOUN+NCON 

NS-IS+NF+3»M-L 

RETURN 

END 

SUBROUTINE  APTD(B,M) 

DIMENSION  B( 1 ) 

DOUBLE  SIDED  TRIANGULAR  APODIZATION 
ZERO  PATH  DIFFERENCE  IS  AT  M+1 
M2-2*M 

DEL-1 . /FLOAT(M) 

WH-0 . 

DO  15  1-1 ,M 
B(I)-WH*B(I) 
j  WH-WH+DEL 

MT-M+1 

DO  16  I-MT.M2 
B(I)-WH*B(I) 

5  WH-WH-DEL 

RETURN 
END 

SUBROUTINE  EXPAND(A,S, INV.N.NE) 

DIMENSION  A( 1 ) , S( 1 ) , INV ( 1 ) 

THIS  ROUTINE  INTERPOLATES  "A"  BY  "NE”  TIMES 

N  IS  THE  NUMBER  OF  POINTS  TO  START  WITH 

SPACE  NEEDED  MUST  BE  TWICE  THE  SIZE  OF  NEW  N 

THE  SIZE  OF  S  AND  INV  IS  A/8 

N2-2*N 

NNEW-N»NE 

NNH-NNEW/2 

CALL  PREHAR(A.N) 

MH-L0G2(N) 

CALL  HARM1 D(A,MH, INV.S, 1 , IER) 


'islj-;.-  .■vIV-V-V- 


29,7 


MS-N+1 

MZ-2*NNEW-N 

J-MZ 

DO  10  I-MS.N2 

J-J+1 

A(J)-A(I) 

DO  20  I-MS.MZ 
A(I)-0. 

MB-MH+L0G2(NE) 

CALL  HARM1D(A,MB,INV,S,-1,IER) 

I- KNEW 

J-NNEW-1 

DO  30  ID-1, NNH 

A(I)-A(J)»NE 

I-I-1 

J-J-2 

J-NNEW+1 

DO  110  1-1.  NNH 

A(I)-A(J)*NE 

J-J+2 

RETURN 

END 

FUNCTION  LOG2(N) 

L0G2-AL0G( FLOAT(N) ) /. 6931  ^7  + . 5 

RETURN 

END 

SUBROUTINE  PREHAR( A, M2) 

DIMENSION  A( 1 ) 

THIS  ROUTINE  GETS  A  REAL  DOUBLE  SIDED  INPUT  READY 
FOR  HARM1D. 

M2  IS  THE  NUMBER  OF  REAL  POINTS 

M-M2/2 

J-M2+1 

DO  2  1-1. M 

A( J)-A(lj 

A(j+1)-0 

J-J+2 

MT-M+1 

J-1 

DO  3  IJ-MT.M2 
A(  J)-A(IJ) 

AU+1  )-0 
J-J+2 
RETURN 
END 

SUBROUTINE  XMXMN( A, XMAX, IMAX.XMIN, IMIN.N) 

DIMENSION  A( 1 ) 

XMAX--1  .  OE+30 
XMIN-1 .QE+30 
DO  20  1-1 .N 

IF(A(I) .LT.XMAX)  GO  TO  10 
XMAX-A(I) 

IMAX-I 
GO  TO  20 

IF(A(I).GT.XMIN)  GO  TO  20 
XMIN-A(I) 

IMIN-I 

CONTINUE 

RETURN 

END 

SUBROUTINE  RTADECI A, B, D . ITAP , IFUN, ISTR, IEND , IUNIT) 
DIMENSION  A(1 ),B(6^0),D(256) 

THIS  ROUTINE  READS  DATA  FROM  TAPE  UNIT  "ITAP" 

AND  PUTS  IT  IN  ARRAY  "A"  BEGINING  AT  "ISTR"  AND  GOING  TO 


v^vr 


t 


a 


"IEND . " 

IF  "IFUN"  -  0  NO  REWIND  WILL  OCCUR,  IF  "IFUN"  IS  NOT  EQUAL 
TO  ZERO  A  REWIND  WILL  OCCUR  BEFORE  THE  READ. 

IUINT-UNIT(ITAP) 

FULL  BUFFERS  OF  INFORMATION  WILL  BE  PASSED  DIRECTLY  TO  "A" 
PARTIAL  BUFFERS  WILL  BE  TEMPORARILY  STORED  IN  B 
COMMON  /RTABUF/  IBUFP 
DATA  IBUFP, NBD, NAD/0,256, 6MO/ 

IRD-ISTR 

IF(IFUN.EQ.O)  GO  TO  10 

REWIND  ITAP 

IBUFP-0 

IF( IBUFP. EQ.O)  GO  TO  40 

BUFFER  HAS  AT  LEAST  PART  OF  NEEDED  DATA 

IQUIT-IEND 

IF( ( IQUIT-IRD) .GT. (NAD-IBUFP) )  IQUIT-IRD+NAD-IBUFP 
IF(IRD.GT.IQUIT)  GO  TO  30 
A(IRD)-B( IBUFP) 

IBUFP- IBUFP+1 
IRD-IRD+1 
GO  TO  20 

IF( IBUFP. GT. NAD)  IBUFP-0 

IF(IRD.GT.IEND)  RETURN 

NEED  MORE  POINTS 

BUFFER  IN  ( ITAP, 1 )  (D( 1 ) ,D(NBD) ) 

IUNIT-UNIT(ITAP) 

IFfIUNIT.NE.-1)  RETURN 

IF( ( IEND-IRD+1 ) .GE. NAD)  GO  TO  50 

REFILL  BUFFER 

CALL  TPDCODE(D.B) 

IBUFP- 1 
GO  TO  15 

READ  DIRECTLY  INTO  A 
CALL  TPDCODE(D,A( IRD) ) 

IRD-IRD+NAD 
GO  TO  40 
END 

SUBROUTINE  TPDCODE(D, F) 

INPUT  IS  256  WORDS  EACH  60  BITS  LONG  IN  D 
OUTPUT  IS  640  WORDS  EACH  24  BITS  IN  F 
DIMENSION  D(2).F(2),IA(6),IB(5) 

DATA  (IA(I).I-I ,6)/77777777000000000000B,00000000777777770000B, 
100000000000000007777B,77770000000000000000B, 00007777777700000000 
2B. 00000000000077777777B/ 

IXX-40000000B 

L«1 

J-1 

DO  11  1-1,128 
IX-D( L) . AND. IA(  1 ) 

I B ( 1 ) -SHIFT( IX, -36) 

IX-D( L) . AND.  IAl  2; 

IB  (2)  -SriIFT(  IX.-12) 

IX-D( L) . AND. IAf  3) 

I Y-  D  ( L*  1 ) . AND . I A  (  4 ) 

IZZ«SHIFT( I Y , -48) 

IZ-SHIFT( IX, *12) 

IZZ-IZZ. AND. IA( 3) 

IZX-IZ.OR. IZZ 
IB(3)-IZ+IZZ 
IX-D(L<-1 ) .AND. IA(5) 

IB(4)-SHIFT(IX,-24) 

IB(5)-D(L+1 ). AND. IA(  6) 

L-L+2 

DO  12  II-1 ,5 

IF( IB( II) .GF.IXX)  IB(II)-IB(II)-(2*IXX) 

F( J)-IB(II) 

J-J*1 


m 


1 
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T 


'>*>"*>  w >  ’>  ~-r 


12  CONTINUE 
11  CONTINUE 
RETURN 
END 


SUBROUTINE  HARM1D(A,M,INV,S, IFSET,  IFERR) 


SUBROUTINE  HARM1D 

PURPOSE 

PERFORMS  DISCRETE  COMPLEX  FOURIER  TRANSFORMS  ON  A  COMPLEX 
-THREE  DIMENSIONAL  ARRAY 

USAGE 

CALL  HARM1D(A,M,INV,S, IFSET, IFERR) 

DESCRIPTION  OF  PARAMETERS 

A  •  -  AS  INPUT,  A  CONTAINS  THE  COMPLEX,  1 -DIMENSIONAL 

ARRAY  TO  BE  TRANSFORMED.  THE  REAL  PART  OF 
A( II )  IS  STORED  IN  VECTOR  FASHION  IN  A  CELL 
WITH  INDEX  2*( II )  ♦  1  WHERE 
NI  -  2**MI  AND  II  -  0,1,...,N1-1  ETC. 

THE  IMAGINARY  PART  IS  IN  THE  CELL  IMMEDIATELY 
FOLLOWING. 

THE  NUMBER  OF  CORE  LOCATIONS  OF 
ARRAY  A  IS  2*(N1  ) 

M  -  A  ONE  CELL  VECTOR  WHIffl  DETERMINES  THE  SIZES 
OF  THE  DIMENSIONS  OF  THE  ARRAY  A.  THE  SIZE, 

NI,  OF  THE  DIMENSION  OF  A  IS  2«*MI 
INV  -  A  VECTOR  WORK  AREA  FOR  BIT  AND  INDEX  MANIPULATION 
OF  DIMENSION  ONE  EIGHTH  THE  NUMBER  OF  CORE 
LOCATIONS  OF  A.  VIZ..  (1/8)»2*N1 
S  -  A  VECTOR  WORK  AREA  FOR  SINE  TABLES  WITH  DIMENSION 
THE  SAME  AS  INV 

IFSET  -  AN  OPTION  PARAMETER  WITH  THE  FOLLOWING  SETTINGS 

0  SET  UP  SINE  AND  INV  TABLES  ONLY 

1  SET  UP  SINE  AND  INV  TABLES  ONLY  AND 
CALCULATE  FOURIER  TRANSFORM 

-1  SET  UP  SINE  AND  INV  TABLES  ONLY  AND 

CALCULATE  INVERSE  FOURIER  TRANSFORM  (FOR 
THE  MEANING  OF  INVERSE  SEE  THE  EQUATIONS 
UNDER  METHOD  BELOW) 

2  CALCULATE  FOURIER  TRANSFORM  ONLY  (ASSUME 
SINE  AND  INV  TABLES  EXIST) 

-2  CALCULATE  INVERSE  FOURIER  TRANSFORM  ONLY 
(ASSUME  SINE  AND  INV  TABLES  EXIST) 

IFERR  -  ERROR  INDICATOR.  WHEN  IFSET  IS  0.+1 ,-1 , 

IFERR  -  1  MEANS  THE  MAXIMUM  M(I)  IS  LESS  THAN  3 
OR  GREATER  THAN  20,  1-1, 2, 3  WHEN  IFSET  IS 
+2,-2,  IFERR  -  1  MEANS  THAT  THE  SINE  AND  INV 
TABLES  ARE  NOT  LARGE  ENOUGH  OR  HAVE  NOT  BEEN 
COMPUTED.  IF  ON  RETURN  IFERR  -0  THEN  NONE  OF 
THE  ABOVE  CONDITIONS  ARE  PRESENT 

REMARKS 

THIS  SUBROUTINE  IS  TO  BE  USED  FOR  COMPLEX,  1 -DIMENS IONAL 
ARRAYS  IN  WHICH  EACH  DIMENSION  IS  A  POWER  OF  2.  THE 
MAXIMUM  MI  MUST  NOT  BE  LESS  THAN  3  OR  GREATER  THAN  20. 

SUBROUTINES  AND  FUNCTION  SUBPROGRAMS  REQUIRED 
NONE 

THIS  IS  A  1 -DIMENSIONAL  MODIFICATION  BY  MARK  ESPLIN  OF  THE 
ORIGINAL  3-DIMENSIONAL  HARM. 
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SEE  J.W.  COOLEY  AND  J.W.  TUKEY ,  "AN  ALGORITHM  FOR  THE 
MACHINE  CALCULATION  OF  COMPLEX  FOURIER  SERIES", 
MATHEMATICS  OF  COMPUTATIONS,  VOL.  19  (APR.  1965),  P.  297 


DIMENSION  A(  1 ) . INV( 1 ) . S( 1 ) ,W( 2) , W2( 2) ,W3( 2) 
10  IF(  IABS(IFSET)  -  1)  900,900,12 
MTT-M-2 

ROOT 2  -  SQRT(2.) 

IF  (MTT-KT  )  14.11*, 13 

13  IFERR-1 
RETURN 

14  IFERR-0 
Ml  -M 

N1 -2*»M1 

16  IF(IFSET)  18,18,20 

18  NX-  N1 
FN  -  NX 

DO  19  I  -  1, NX 
A(2*I-1)  -  A( 2*1-1 )/FN 

19  A( 2*1)  -  -A(2*I)/FN 

20  NP-N1 *2 
IL-0 
IL1-1 
MI-MI 

30  IDIF-NP 
KBIT-NP 
MEV  -  2*(MI/2) 

IF  (MI  -  MEV  )60, 60, 40 

M  IS  ODD.  DO  L-1  CASE 
40  KBIT-KBIT/2 
KLAST-KBIT-1 
DO  50  K-1.KLAST.2 
KD-K+KBIT 

DO  ONE  STEP  WITH  L-1.J-0 
A(K)-A(K)+A(KD) 

A(KD)-A(K)-A(KD) 

T-A(KD) 

A(KD)-A(K)-T 
A(K)-A(K)+T 
T-A( KD+1 ) 

A(KD+1 )-A(K+1 )-T 
50  A(  K+1 )  -A(  K+1 )  +T 
52  LFIRST  -3 


DEF  -  JLAST 
JLAST-1 
GO  TO  70 


2**(L-2)  -1 


M  IS  EVEN 
60  LFIRST  -  2 
JLAST-0 

70  DO  240  L- LFIRST, MI, 2 
•  •  JJDIF-KBIT 
KBIT-KBIT/4 
KL-KBIT-2 

DO  FOR  J-0 

DO  80  1-1 ,IL1 ,IDIF 

KLAST-I+KL 

DO  80  K-I, KLAST, 2 

K1-K+KBIT 

K2-K1 +KBIT 

K3-K2*KBIT 


noonnnonnoon  no  non  nnoonnonnnnn 
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DO  TWO  STEPS  WITH  J-0 
A(K)-A(K)+A(K2) 

Ai  K2) -A( K)-A(K2) 

A(K1)-ACK1)+A(K3) 

A(K3)-A(K1)-A(K3) 

A(K)-A(K)+A(K1) 

A(K1 )-A(K)~A(K1 ) 

A(K2)«AiK2)+A(K3)*I 

A{K3)-A(K2)-A(K3)*I 

T-A(K2) 

A(K2)-A(K)-T 
A(K)-A(K)+T 
T-A(K 2+1 ) 
A(K2+1)-A(K+1)-T 
A(K-M)-A(K+1)+T 


T-A(K3) 

A(K3)-A(K1)-T 

A(K1)-A(K1)+T 

T-A(K3+1) 

A(K3-M)-A(K1+1)-T 

a(ki+i)-a(ki+iWt 

T-A(KI) 

A(K1)-A(K)-T 

A(K)-A(K)+T 

T«A(K1+1) 

A(K1+1)-A(K*1)-T 

AlK+1 )-A(K+1  )+T 

R--A(K3+1 ) 

T  -  A(K3) 

A(K3)-A(K2)-R 

A(K2)-A(K2)+R 


A(  K3) 

5)-A(K2)-R 

?)-A(K2)-*-R 


A(K3-*-1  )-A(K2+1  )-T 

80  A(K2+1)-A(K2+1)+T 

IF  ( JLAST)  235,235,82 
82  JJ-JJDIF  +1 

DO  FOR  J-1 

ILAST-  IL  +JJ 

DO  85  I  -  JJ, ILAST, IDIF 

(CLAST  -  KL+I 

DO  85  K» I , KLAST , 2 

K1  -  K+KBIT 

K2  -  K1+KBIT 

K3  -  K2+KBIT 

LETTING  W- ( 1 ♦ I ) /ROOT 2 , W3- < - 1 + I ) /R00T2 , W2- I , 
A(K)-A(K)+A(K2)«I 
A(K2)-A(K)-A(K2)*I 
A(K1)-A(K1)*W+A(K3)*W3 
A(K3)-A(K1)*W-A(K3)*W3 


AfK)«A(K)+A(K1 ) 

A(K1)-A(K)-A(K1) 

A(K2)-A(K2)+A(K3' 


!«1 


A(K3)-A(K2 


R  --ACK2+1) 

T  -  A(K2) 

A(K2)  -  A(K)-R 
A(K)  -  A( K)+R 
ACK2+1 )»A(K+1 )-T 
A(K+1 )-A(K+l  )+T 


AWR-A(K1)-A(K1*1) 

AW1  -  A( K1 ♦1 )+A(K1) 
R--A(K3)-A(K3+1 ) 
T-A(K3)-A(K3+1) 
A(K3)-(AWR-R)/ROOT2 
A(K3-*-1 )  -  ( AW1  -T )  /R00T2 
AiKI )-(AWR+R)/ROOT2 
A(K1-M)-(AWI*T)/R00T2 
T-  A(K1 ) 

A(K1)-A(K)-T 

A(K)-A(K)+T 

T-A(K1+1) 

A(  K1  +1 )  »A(  K+ 1 )  -T 
A(K+1)«A(K+1)+T 
R— A(K3+1) 


A(K3  -A 
AiK2)-A 


85  A( K2+1 ) -A( K2+1 ) +T 

IF(JLAST-I)  235,235,90 
90  JJ-  JJ  ♦  JJDIF 

NOW  DO  THE  REMAINING  J'S 
DO  230  J-2.JLAST 

FETCH  W*S 

DEF-  W-W**INV(J),  W2-W**2,  W3-W**3 
96  I-INV( J+1 ) 

98  10- NT -I 

wm-scic) 

W(2)-Sl I) 

12-2*1 

I20NT-I2 

IF( 120)120, 1 10, 1 00 

2*1  IS  IN  FIRST  QUADRANT 
100  W2(1)-S(I2C) 

W2(2)-S(I2) 

GO  TO  130 
110  W2( 1 )-0. 

W2( 2) -1  . 

GO  TO  130 

2*1  IS  IN  SECOND  QUADRANT 
120  I2CC  -  I2C+NT 
I2C--I2C 
W2( 1 )  -~S( I2C) 

W2(2)-S(I2CC) 

130  I3-I+I2 
130  NT-13 

IF( I3C)1 60, 1 50, 1 40 

13  IN  FIRST  QUADRANT 
140  W3M)-S(I3C) 

W|(2)-S(I3) 

GO  TO  200 
150  W3(1)-0. 

W3(2)-1. 

GO  TO  200 

160  I3COI3C+NT 

IF( I3CC) 1 90, 180, 1 70 

13  IN  SECOND  QUADRANT 
170  130-130 


oooo  oo  on  o  oooooooooooo  no 


180 


W3(2)«S(I3CC) 
GO  TO  200 

mm— i. 

W3(2)-0. 

GO  TO  200 


3*1  IN  THIRD  QUADRANT 
190  I3CCONT+I3CC 
13 CC  -  -I3CC 
W3(1}— S?I3CCC) 

H3(2)— S(I3CC) 

200  ILAST-IL+JJ 

DO  220  I-JJ, ILAST, IDIF 

KLAST-KL+I 

DO  220  K-I,KLAST,2 

K1-K+KBIT 

K2-K1+KBIT 

K3-K2+KBIT 

DO  TWO  STEPS  WITH  J  NOT  0 
A(K)-A(K)+A(K2)*W2 
A(K2)-A(K)-A(K2)*W2 


)*W3 


A(Kl)-A(K1)*W+AfK3) 
A(K3)-A(K1)«W-A(K3)*W3 

A(K)*A(K)+A(K1 ) 
A(K1)-A(K)-A(K1) 

A( K2)“A(K2)+A(K3)*I 
A(K3)-A(K2)-A(K3)*I 

R-A( K2) *W2( 1 }-A( K2+1 ) *W2 
T- A( K2) *W2( 2) +A( K2+1 ) *W2 
A(K2)-A(K)-R 
Ac K)-A(K)+R 
Ai K2+1 )-A(K+1 )-T 
A(K+1 )“A(K+1 )+T 


(?) 


220 
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*A(K1 ) *W 
A(K3)-AWR-R 
ACK3+D-AWI-T 
ACKD-AWR+R 
A( K1 +1 1-AWI+T 
T-A(KI) 
A(K1)-A(K)-T 
A(K)-A(K)+T 
T-A(K1 +1 ) 

AfKI+1 )-A(K+1  )-T 
A(K+1 )-A(K-H  )+t 
R--A(K3*1  ) 
T-A(K3) 


+A(K1+1)*W( 


■A(K3 

m 

K3+1 

K2-M 


( K2)-R 
(K2)+R 
)-A(K2+l)-T 
)-A(K2+1  )+T 


END  OF  I  AND  K  LOOPS 


2) 

1) 

2) 

1) 


230  JJ-JJDIF+JJ 
END  OF  J-LOOP 


235  JLAST-iC*JLAST+3 
2$0  CONTINUE 

END  OF  L  LOOP 


WE  NOW  HAVE  THE  COMPLEX  FOURIER  SUMS  BUT  THEIR  ADDRESSES  A 
BIT-REVERSED.  THE  FOLLOWING  ROUTINE  PUTS  THEM  IN  ORDER 


onn  ooo  on  ooo  ^nnn  ooo 


N1VNT-N1  /NT 
JJD1-N1/(N1 VNT*N1 VNT) 
J-1 

800  JJ1-1 

DO  860  JPP1-1 ,N1 VNT 
IPPI-INV(JJI) 

DO  850  JP1-1 , NT 
810  IP1-INV(JP1 )*N1 VNT 
I-2»(IPP1+IP1)+1 


830 

840 


IF  (J-I)  840,845,8115 
T-A(I) 


A(I  -A(J) 

A(J)-T 
T-A( 1+1 ) 

A( 1+1 )-A( J+1 ) 
A(J+1)-T 
845  CONTINUE 
850  J-J+2 
860  JJ1 -JJ1 +JJD1 

END  OF  JPP1  AND  JP2 


890  IF(IFSET) 891 ,895,895 

891  DO  892  I  -  1  .NX 

892  A(2*I)  -  -A(2*I) 

895  RETURN 

THE  FOLLOWING  PROGRAM  COMPUTES  THE  SIN  AND  INV  TABLES 

)0  MT-M-2 

MT  -  MAX0( 2,MT) 

904  IF  (MT-20)906,906,905 

905  IFERR  -  1 
GO  TO  895 

906  IFERR-0 
NT-2**MT 
NTV2-NT/2 

SET  UP  SIN  TABLE 
THETA-PIE/2**( L+1 )  FOR  L-1 
910  THETA-. 7853981  634 

JSTEP-2**(MT-L+1 )  FOR  L-1 
JSTEP-NT 

JDIF-2**(MT-L)  FOR  L-1 
JDIF-2**(MT-L)  FOR  L-1 
JDIF-NTV2 
S(JDIF)-SIN( THETA) 

DO  950  L-2.MT 
THETA- THETA/2. 

JSTEP2-JSTEP 
JSTEP-JDIF 
JDIF- JSTEP/2 
S(JDIF)-SIN( THETA) 

JC1-NT-JDIF 
S ( J  Cl ) - 00S ( THETA ) 

JLAST-NT-JSTEP2 
IF( JLAST  -  JSTEP)  950,920,920 
920  DO  940  J- JSTEP, JLAST, JSTEP 
JC-NT-J 
JD-J+JDIF 

940  S( JD)-S( J) *S( JC1 ) +S( JDIF) *S( JC) 

950  CONTINUE 

SET  UP  INV ( J)  TABLE 

960  MTLEXP-NTV2 


MTLEXP-2«*(MT-L).  FOR  L-1 
LM1 EXP-1 

LM1 EXP-2**( L-1 ) .  FOR  L-1 

INV( 1 )-0 

DO  980  L-1 ,  MT 

INVCLM1 EXP+1 )  -  MTLEXP 

DO  970  J-2 ,  LM1  EXP 

JJ-J+LM1EXP 

970  INV ( JJ) -INV ( J) *  MTLEXP 
MTLEXP- MTLEXP/2 
980  LM1 EXP-LM1 EXP ‘2 
982  IF( IFSET) 12,895, 1 2 
END 


Program  for  performing  large  FFT 


a 


The  large  FFT  program  was  broken  up  Into  four  separate  progran 
to  conserve  memory  space.  They  are  EVEFT,  SORTFt,  RECFfT,  ERi 
The  large  FFT  is  performed  by  running  the  four  programs  in 
sequence. 

Part  of  the  programming  was  performed  by  Steve  Walker. 

PROGRAM  EVEFT(0UTPUT-104B,TAPE3-104B,TAPE4,TAPE6-0UTPUT 
2.TAPE2) 

C  THIS  PROGRAM  CONVERTS  A  REAL  EVEN  FUNCTION  INTO  A  NEW 
C  COMPLEX  FUNCTION  WITH  NO  REDUNDANCY. 

DIMENSION  A( 4096), B( 4096)  ,S(4096) , C(2048) ,SINE( 16) 
DIMENSION  C0SINE(16) ,SC(409o) ,MASTIX(300; 

EQUIVALENCE  (SC(3) ,S( 1 ) ) , (S( 2049) , C( 1 ) ) 

IBLKSZ-4096 
IBLKS2- IBLKSZ /2 
REWIND  2 
REWIND  3 

RE AD ( 2 . 500 )  TYP  E , T ITLE , NUM , I REV , AE , STEP , STA  RTO 
WRITE( 3,500)  TYPE , TITLE , NUM, IREV , AE, STEP , STARTO 
500  FORMAT(A1 ,A7, 218, 3E1  8.11) 

NBLK-NUM/ IBLKSZ 
NBLK1-NBLK-M 

IFORM-FLOAT( NBLK)/8 . ♦ 0 . 9999 

NBLK3-NBLK+IFORM+2 

CALL  OPENMS(4,MASTIX, 150,0) 

C 

C  PREPARE  180  DEGREE  SINE-COSINE  TABLE 
S(IBLKSZ)-0. 

S(IBLKSZ-I)— 1. 

CALL  SCTABL(SC,DELT, IBLKSZ) 

CALL  WRITMSf 4, S, IBLKSZ. NBLK3) 

CALL  WRITMS(4,SC, IBLKSZ, NBLK1 ) 


WRITE(6,520j  NUM 
FORMAT(*  N-*,I8) 


TRIANGULAR  APODIZATION 
AP-1  . 

APT-1 ./FLOAT (NUM) 

DO  30  IBLK-1.NBLK 

READ(2.540)  (B( I) , 1-1 , IBLKSZ) 
FORMAT* 8F1  0.3) 

DO  10  1-1 .IBLKSZ 
A(  I) -B( I ) * AP 
AP-AP-APT 
CONTINUE 

CALL  WRITMS(4, A, IBLKSZ, IBLK) 
CONTINUE 

PREPARE  TAPE4  FOR  REAL  TRANSFORM 
CALL  HERMFC( IBLKSZ, A, B.NBLK) 

NP  ASS- LOG2 ( NBLK ) 

THETA-3. 141 59265359/FLOAT( IBLKSZ) 


CALL  SINGEN(THETA,NPASS, SINE, COSINE) 

CALL  TRP REP ( IBLKSZ, NBLK, NP ASS, A, B, S, C, SINE, COSINE) 


SUBROUTINE  HERMFC( IBLKSZ , A, B, NBLK) 

CREATES  ONE  HALF  OF  A  HERMITION  FUNCTION. 
READS  AND  WRITES  USING  TAPE4 
A ,  B-  WORK  SPACE 
NBLK-  NO.  BLOCKS  OF  INPUT 
IBLKSZ-  BLOCK  SIZE 


nnnnnn 


DIMENSION  A( 1 ) ,B( 1 ) 

CALL  READMS( 4 , A, IBLKSZ , NBLK) 
N2-IBLKSZ+2 
N2M-IBLKSZ-2 
DO  70  I00UNT-2, NBLK,2 
IBLK-NBLK-I 00UNT+2 
DO  40  I-2.N2M.2 
II-N2-I 

A(II)-(A(II)-A(II-2))/2. 

CONTINUE 

IBLK1-IBLK-1 

CALL  READMS( 4,B. IBLKSZ. IBLK1 ) 
A(2)-( A(2)_B( IBLKSZ )  )/2. 

CALL  WRITMS( 4, A, IBLKSZ, IBLK,1 ) 

DO  50  I-2.N2M.2 
II-N2-I 

B(II)-(B(II)-B(II-2))/2. 

CONTINUE 

IF( IBLK.EQ.2)  GO  TO  60 
IBLK2-IBLK-2 

CALL  READMS(4,A.  IBLKSZ  ,  IBLK2) 
B(2)-(B(2)-A( IBLKSZ ) )/2 . 

CALL  WRITMS( 4, B, IBLKSZ, IBLK1.1) 
OONTINUE 
CONTINUE 
B(2)-0. 

CALL  WRITMS(4,B, IBLKSZ, 1,1) 

RETURN 

END 


SUBROUTINE  SINGEN(THETA,NPASS,SINE, COSINE) 

GENERATES  SINES  AND  COSINES  FOR  HALF  ANGLES 
USED  WITH  SUBROUTINE  EXPSCT 
THETA-  FIRST  ANGLE 
NPASS-  NO.  OF  SINES  GENERATED 
SINE-  ARRAY  FOR  SINE  STORAGE 
COSINE-  ARRAY  FOR  COSINE  STORAGE 

DIMENSION  SINE( 1 ) , COSINE( 1 ) 

DO  100  1-1 .NPASS 

SINE( I) -SIN( THETA) 

COSINE( I)- COS (THETA) 

THETA- THETA/2. 

CONTINUE 

RETURN 

END 


SUBROUTINE  TRPREP( IBLKSZ , NBLK, NPASS , A, B, S, C, SINE, COSINE) 

PREPARES  TAPE4  FOR  REAL  TRANSFORM 
A,B-  WORK  SPACE 

C-  SPACE  FOR  EXPANDED  SIN-COS  TABLE 
SINE, COSINE-  ARRAYS  OF  HALF  ANGLE  SINES  AND  COSINES 
USED  IN  THE  ANGLE  ADDITION  EQNS  IN  EXPSCT 
NBLK, IBLKSZ-  NO.  BLOCKS  AND  BLOCK  SIZE 
NPASS-  NUMBER  OF  TIMES  S-C  TABLE  MUST  BE  EXPANDED  BY  2 

DIMENSION  A(1),B(1),C(1),S(1),SINE(1), COSINE( 1 ) 

NBLK2-NBLK/2 

IBLKS2-IBLKSZ/2 

MK-1 

I C-  IBLKS2-H 

CALL  READMS(4, A, IBLKSZ, 1 ) 

T-A(  1 ) 

A(  1 ) »A( 2)  +A( 1 ) 


A(2)-T-A(2) 

WORK  FROM  BOTH  ENDS 
DO  200  K1-1.NBLK2 
K2-NBLK+1-K1 

CALL  RE ADMS(i|,B,  IBLKSZ, K2) 

IEND-IBLKSZ-1 
DO  170  IL-3.IEND.2 

IF( IC. Lt. IBLKS2)  GO  TO  160 

CALL  EXPSCT(  S,  C,MK, IBLKS2, NP ASS, SINE, COSINE) 
IC-1 

CONTINUE 

J-IBLKSZ-IL+2 

IP-IL+1 

JP-J+1 

CALL  EVESET( A( IL) , A{ IP) ,B( J) ,B( JP) ,C(IC) ,C(IC*1 )  ) 

IC-IC+2 

CONTINUE 

CALL  WRITMS(  1|,  A,  IBLKSZ ,  K1 , 1 ) 

IF(K1 .EQ. NBLK2)  GO  TO  1  80 
IBLK-K1+1 

CALL  READMS( U, A, IBLKSZ, IBLK) 

GO  TO  190 
CONTINUE 

JUI-bB! 

CONTINUE 

CALL  EVESET( A( 1 ) ,A(2) ,B(1 ) ,B(2) ,C(IC) ,C(IC+1 ) ) 
IOIC+2 

CALL  WRITMS(  14, B,  IBLKSZ, K2,1) 

CONTINUE 

RETURN 

END 


SUBROUTINE  EXPSCT( S, C,MK, IBLKSZ , NP ASS, SINE, COSINE) 

THIS  ROUTINE  EXPANDS  A  SINE-COSINE  TABLE.  STARTING 
AT  THE  SUBSCRIPT  MK.  2«*(NPASS)  TIMES 
IBLKSZ-  NO.  OF  POINTS  IN  C  AFTER  EXPANSION 

DIMENSION  S( 1 ) , C( 1 ) ,SINE( 1 ) , COSINE( 1 ) 

IEND-IBLKSZ-1 
ISTEP»2**( NPASS+1 ) 

ISTART- ISTEP-1 

SPACE  APPROPRIATE  VALUES  FROM  S  INTO  C. 

DO  HO  J- ISTART. IEND , ISTEP 
C( J ) «S £ MK+ 1 ) 

C( J+1 )-S(MK) 

MK-MK+2 

CONTINUE 

PREPARE  FOR  EXPANSION 
KLEAP- ISTEP 
KSTART- IBLKSZ -KLEAP-1 
KEND-KLEAP-1 
KSTEP-2*KLEAP 
DO  90  IK-1 , NPASS 
KLEAP -KLEAP /2 
KSTEP-KSTEP/2 
KEND-KEND-KLEAP 
KSTART- KSTART+ KLEAP 
IMT- IBLKSZ /KSTEP 

DO  80  I  COUNT- KEND, KSTART, KSTEP 
MTO-IBLKSZ-I COUNT-2 

C(MT0)-C0SINE( IK) *  C( KSTEP*IMT-1 ) -SINEf IK) *C(KSTEP*IMT) 
C(MT0+1 )• COS INE( IK) *C(  KSTEP* IMT)*SINE( IK) *C( KSTEP* IMT-1 ) 
IMT-IMT-1 


CONTINUE 

CONTINUE 

RETURN 

END 


SUBROUTINE  EVESET(A1 , A2,B1 ,B2, SN, CS) 

TO  BE  USED  ONLY  WITH  ROUTINE  TRPREP 
PERFORMS  A  SPECIAL  OPERATION  ON  THE  PARAMETERS 

SN-O-SN 

CS-O-CS 

AP-A1 +B1 

AM-A1-B1 

APP-A2+B2 

APM-A2-B2 

SAC«SN*AM+  CS* APP 

aS-SN*APP-CS*AM 

A1-AP+SAC 

A2-APM+  CAS 

B1-AP-SAC 

B2-CAS-APM 

RETURN 

END 


SUBROUTINE  SCTABL(S,DELT, IBLKSZ) 
DIMENSION  S( 2) 

THIS  ROUTINE  GENERATES  A  SIN-OOS  TABLE 
FROM  THETA  EQUAL  ZERO  TO  180  DEGREES 
IBLKS2- IBLKSZ /2 
IBLKS4- IBLKSZ /4 

DELT-3 • 1 41 59265359/FLOAT( IBLKS2) 
R00T2-1 . /SQRT(2. } 

THA-DELT 
IAD2- IBLKS2+3 
IAD3-IBLKSZ+3 
S(»-1. 

S(2)-0. 


S( IBLKS2+1 ) “0 . 

+2)-1. 

I-3.IBLKS4.2 


DO  10 
I2-I+1 
COST- COS(THA) 
SINT-SIN(THA) 

S( I)-COST 
I2)-SINT 
IAD2-I2)-SINT 
IAD2-I)- COST 
I+IBLKS2) --SINT 
I2+IBLKS2)- COST 
IAD3-I2)--COST 
IAD3-I)-SINT 
THA-THA+DELT 
S( IBLKS4+1 ) -R00T2 
S( IBLKS4+2) -R00T2 
IBLKS34- IBLKS2+ IBLKS4 
S(IBLKS34+1 )--R00T2 

S( IBLKS34  +  2)- - 

RETURN 
END 
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PROGRAM  S0RTFT( TAPE4, TAPE3-1 04B) 

DIMENSION  A  4096),B(4096),MASTIX(300).S(512),INV(512) 
EQUIVALENCE ( B( 1).SCl)).( Bl 2048) . INV( 1 5 1 
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THIS  PROGRAM  SORTS  THE  BLOCKS  THEN  TRANSFORMS  THEM 
THE  PROGRAM  ALSO  GENERATES  THE  SIN-COS  TABLE 
IBLKSZ-4096 

CALL  0PENMS(4,MASTIX, 150,0) 

REWIND  3 

RE AD ( 3 , 500 )  TYP  E , TITLE , N , I REV , AE , STEP , STARTO 
)0  F0RMAT’a1 , A7,2I8,3E1 8.11) 

NBLK-N/IBLKSZ 

CALL  SORTFF(A,B,NBLK,IBLKSZ) 

CALL  FFTBLK(A,S,INV, NBLK, IBLKSZ) 

STOP 

END 

SUBROUTINE  S0RTFF( A,B, NBLK, IBLKSZ) 

COMPLEX  A( 1 ) , 8( 1 ) ,H 

THIS  SUBROUTINE  SORTS  DATA  TO  GET  READY  FOR  A  FFT. 

EVERY  NBLK’TH  POINT  IS  SORTED  OUT  INTO  A  SEPARATE  BLOCK 
THEN  THE  BLOCKS  ARE  PUT  IN  BIT  INVERTED  ORDER. 

NOTE  MEMORY  REQUIRED  FOR  A  COMPLEX  ARRAY  IS  TWICE  THAT  OF 
A  REAL  ARRAY. 

THE  INPUT  DATA  IS  IN  THE  FIRST  NBLK  BLOCKS  OF  TAPE4,  WHICH 
IS  A  RANDOM  ACCESS  DISK  FILE. 

THE  TOTAL  NUMBER  OF  DISK  BLOCKS  IS  -  NBLK+NBLK/8+1 
THE  DATA  IS  ALWAYS  REWRITTEN  IN  PUCE 
IBLKSZ  -  NUMBER  OF  STORAGE  LOCATIONS  IN  A  BLOCK 
IOOMSZ  -  IBLKSZ /2  -  NUMBER  OF  COMPLEX  POINTS 
NBLK  -  NUMBER  OF  BLOCKS  OF  DATA 

ICSUBZ  -  SIZE  OF  SUBBLOCKS  (COMPLEX)  WHICH  IS  ICOMSZ/NBLK 
AT  THE  BEGINNING. 

NPASS  -  NUMBER  OF  PASSES  OVER  THE  DATA 

THIS  SECTION  OF  CODE  SORTS  OUT  EVERY  NBLK’TH  POINT  IN  A 
BLOCK  AND  PUTS  THE  SUBBLOCKS  IN  BIT  INVERTED  ORDER. 

I COMSZ- IBLKSZ /2 
ICSUBZ- ICOMSZ/NBLK 
NP ASS- LOG2( NBLK) 

DO  20  IBLK-1 .NBLK 

CALL  READMS(  *1,  A,  IBLKSZ  ,  IBLK) 

DO  10  ISUB-1  ,  NBl,K 
IP- ISUB-NBLK 

I3-INVER( ( ISUB-1 ) .NPASS) "ICSUBZ 
DO  1^  1-1  .ICSUBZ 
IP-NBLK+ IP 
D  B( IB+ I ) -  A ( IP ) 

3  CALL  WRITMS( 4. B, IBLKSZ, IBLK, 1 ) 

THIS  SECTION  OF  CODE  SORTS  THE  BLOCKS 

NSUB  -  NUMBER  OF  SUBBLOCKS 

NBB  -  NUMBER  OF  BLOCKS  IN  EACH  BUTTERFLY 

NBUTTE  -  NUMBER  OF  BUTTERFLYS 

I3U  -  WHICH  BLOCK  IN  BUTTERFLY 

I BUTT  -  WHICH  BUTTERFLY 

I3A  -  BLOCK  A 

IBB  -  BLOCK  B 

NSUB- NBLK 

NBB- 1 

DO  50  IPAS-1 , NPASS 
NBUTTE- NS U3/2 
N3B2-NB3*2 
I  CSUB2- 1  CSUBZ*2 
DO  «0  IBU-1.NBB 
I3A-IBU-NBB2 
DO  40  IBUTT-1 .NBUTTE 
13 A- IBA*NBB2 
I3B-IP ’ ‘NBB 

C  OPERAI„  ON  BLOCK  A  AND  BLOCK  B 
CALL  READMSC4, A, IBLKSZ,  IBA) 

CALL  READMSC 4, B, IBLKSZ, IBB) 
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J--ICSUB2 

DO  30  ISUB-1 , NSUB, 2 

J-J+ICSUB2 

JI-J 

DO  30  I-1.ICSUBZ 
JI-JI+1 
JI2-JI+ICSUBZ 
H-ACJI2) 

A(JI2)-B(JI) 

B(JI)-H 

CALL  WRITMS(4,A, IBLKSZ, IBA, 1 ) 

CALL  WRITMS(1J,B,  IBLKSZ,  IBB,  1 ) 

NBB-NBB2 

I CSUBZ- I CSUB2 

NSUB-NSUB/2 

RETURN 

END 


FUNCTION  INVER(IVER.N) 

THIS  FUNCTION  TAKES  "IVER"  AND  INVERTS  THE  BITS 
N  IS  THE  NUMBER  OF  BITS  IN  THE  WORD 
THE  VALUES  OF  IVER  AND  N  ARE  UNCHANGED 
THIS  FUNCTION  WILL  NOT  WORK  FOR  NEGATIVE  NUMBERS 
THIS  FUNCTION  WORKS  ONLY  ON  A  CDC  COMPUTER. 

IVE-IVER 

INV-0 

DO  10  1-1  ,N 

INV«OR(SHIFT( INV. 1 ) ,AND(IVE,1)) 

IVE-SHIFT( IVE , -1 ) 

INVER-INV 

RETURN 

END 

SUBROUTINE  FFT8LK( A, S, INV, NBLK, IBLKSZ ) 

THIS  ROUTINE  DOES  AN  FFT  OF  EACH  BLOCK  WITH  THE  USE 
OF  HARM1D. 

DIMENSION  A(  1 ) ,S( 1 ) ,INV( 1 ) 

M-L0G2( IBLKSZ ;-1 

SET  UP  SIN  AND  INV  TABLES 

CALL  HARM1 D( A ,M, INV, S, 0, IFERR) 

TRANSFORM  BLOCKS 

DO  10  1-1 .NBLK 

CALL  READMSf  ^ , A, IBLKSZ , I) 

CALL  HARM1D(A,M,INV,S,2.IERR) 

CALL  WRITMSCU, A, IBLKSZ, 1,1) 

CONTINUE 

RETURN 

END 
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PROGRAM  RECFFT(TAPEH,TAPE3-10HB) 

DIMENSION  A(  11096)  ,B( &096),  S(  4096)  ,MASTIX(300) 

C  THIS  PROGRAM  RECONSTRUCTS  THE  BLOCKS  THAT  HAVE  BEEN  TRANSFORMED 
IBLKSZ-H096 
REWIND  3 

RE ADC  3 , 500 )  TYPE , TITLE . N. IREV , AE , STEP , STARTO 
500  F0RMAT(A1,A7,2I8,3E18.11) 

NBLK-N/IBLKSZ 

DELTHA-3. 1 Hi 59265359/FLOATC IBLKSZ) 

CALL  OPENMSC  H , MASTIX , 150,0) 

DELTHA-DELTHA«2. 

CALL  RE  CONS ( A, B.S, NBLK. IBLKSZ, DELTHA) 

STOP 

END 

C 
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SUBROUTINE  RECONS( A. B. S, NBLK, IBLKSZ , DELTHA) 

COMPLEX  A(2) ,B(2),S(2) 

C  THIS  ROUTINE  RECONSTRUCTS  THE  BLOCKS  THAT  HAVE  ALREADY  BEEN 
C  TRANSFORMED. 

C  SEE  SUBROUTINE  SORTFF  FOR  DEFINITIONS  OF  TERMS. 

C  INPUT  IS  IN  THE  FIRST  "NBLK"  BLOCKS  ON  TAPE 4 
C  BLOCK  NBLK-*-?  MUST  OONTAIN  A  ODS-SIN  TABLE 

C  NSIN-  NUMBER  OF  TIMES  THE  COS-SIN  TABLE  NEEDS  TO  BE  READ. 

C  NBLSIN-  NUMBER  OF  BLOCKS  IN  THE  OOS-SIN  TABLE  WHEN  IT  IS 
C  FULLY  FILLED  OUT. 

C  ISIN-  WHICH  OOS-SIN  BLOCK  TO  READ. 

C  ISRE-  ISIN-NBLK 

I COMSZ- IBLKSZ /2 
NPASS-LOG2(NBLK) 

DELT- DELTHA 
NBB-1 

NBUTTE-NBLK/2 
NBLSIN-NBLK/8 
IF( NBLSIN. LE.O)  NBLSIN-1 
DO  50  IPASS-1 ,NPASS 
C  TAKE  CARE  OF  COS-SIN  TABLE 

NB4B-NBB/4 
NSIN-NB4B 

IF(NB4B.LE.O)  NB4B-1 

NOFSIN- NBLSIN/NB4B 

N0FSI2-N0FSIN/2 

ISIN=NBLK+1 -NOFSIN 

DO  40  ISRE-1.NSIN 

ISIN-ISIN+NOFSIN 

CALL  READMS(4,S. IBLKSZ, ISIN) 

IF( IPASS. EQ. NP ASS )  GO  TO  1  0 
C  GET  TABLE  FOR  NEXT  PASS 
DELTHA- DELTHA /2 

CALL  EXPAN(A,B,S,DELTHA, IBLKSZ) 

CALL  WRITMS( 4 ,  A, IBLKSZ , ISIN,  1  ) 

C  FOR  THE  FIRST  TWO  PASSES  YOU  CAN  PUT  ALL  THE  INFORMATION  IN 

C  THE  COS-SIN  TABLE  IN  ONE  BLOCK. 

IF ( NS IN . NE . NB4B )  GO  TO  10 

ISIN2-ISIN+N0FSI2 

CALL  WRITMS( 4, B, IBLKSZ, ISIN2) 

C  DETERMINE  WHICH  BLOCKS  TO  WORK  ON. 

C  THE  FOLLOWING  SHUFFLE  MAKES  IT  SO  ONLY  ONE  OOS-SIN  TABLE  BLOCK 
C  IS  NEEDED  TO  WORK  ON  8  DATA  BLOCKS. 

10  NBB2-NB8/2 

IBU-ISRE 

20  CALL  HERFFT( A, B, S, IBLKSZ , IOOMSZ, IBU.NBB, NBUTTE) 

IF( IPASS. LE. 1 )  GO  TO  40 
CALL  ADDNIN(S, IBLKSZ) 

IBU-IBU+NBB2 

CALL  HERFFT( A, B, S, IBLKSZ, IOOMSZ, IBU.NBB, NBUTTE) 

IF( IPASS. LE. 2;  GO  TO  40 
CALL  COMPNIN(S, IBLKSZ, DELT) 

IBU-NBB2-ISRE+1 

CALL  HERFFT(A, B.S, IBLKSZ, ICOMSZ, IBU,NBB, NBUTTE) 

CALL  ADDNIN(S, IBLKSZ) 

IBU-NBB-ISRE-t-1 

CALL  HERFFT( A, B.S, IBLKSZ, I COMSZ, IBU.NBB, NBUTTE) 

40  CONTINUE 

NBB-N3B*2 
DELT-DELT/2 
50  NBUTTE- NBUTTE/2 

RETURN 
END 
C 

SUBROUTINE  HERFFT( A, B.S, IBLKSZ. IOOMSZ, IBU.NBB, NBUTTE) 

C  THIS  IS  THE  HEART  OF  THE  EXTENDED  FFT. 

C  SEE  SORTFF  FOR  DEFINITION  OF  TERMS. 

COMPLEX  A(1),B(1),S(1),H,T 
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NBB2-NBB*2 

IBA-IBU-NBB2 

DO  40  IBUTT-1 .NBUTTE 

IBA-IBA+NB82 

IBB-IBA+NBB 

THIS  SECTION  OF  CODE  OPERATES  ON  TWO  BLOCKS. 
CALL  READMS(4, A, IBLKSZ, IBA) 


s 

*  V 

DO  30  1-1, I( 
H-A(I) 

T-B(I) *S( I) 

A(I)-H+T 

30 

B(I)-H-T 

CALL  WRITMS( 

40 

CALL  WRITMSI 

RETURN 

1.1) 

».1J 


% 

y'- 

/V 


AJ»\ 

•s' 

A* 

.M 

*■> 

•-*>■ 


END 


r-2 


i 


1 

V  ; 


ft 


3! 

ft 


.  ^ 
.V 

r.V 

V 

*v 


V, 

* . 

’.V 

v ' 

v- 

Lr< 


£ 


c 

c 

c 


10 

c 


20 


SUBROUTINE  EXPAN( A. B.S. DELTHA, IBLKSZ) 

DIMENSION  A( 1 ) ,B( 1 )  ,S( 1 ) 

THIS  ROUTINE  EXPANDES  THE  SIN-COS  TABLE  BY  A  FACTOR  OF 
TWO  BY  DOUBLING  THE  RESOLUTION. 

THE  EXPANDED  TABLE  GOES  INTO  A  AND  B  FROM  THE  ORIGINAL  IN  S. 
COSD- COS (DELTHA) 

SIND-SIN(DELTHA) 

DO  FIRST  HALF 
J— 1 

DO  10  1-1, IBLKSZ, 4 

J-J+2 

J2-J+1 

COSJ-S(J) 

SINJ-S(J2) 

A(  IJ-COSJ 
A(I+1 )-SINJ 

A(I+2)-COSJ*OOSD-SINJ*SIND 
A(I+3)-C0SJ*SIND+SINJ*C0SD 
CONTINUE 
DO  SECOND  HALF 
DO  20  1-1 .IBLKSZ, 4 
J-J+2 
J2-J+1 


COSJ 
SINJ 
B 


m. 


-S(. 
-S(J2) 
I)-COSJ 
1+1  )-SINJ 


B< 

B  ( 1+2 ) - COS J* COSD-S INJ*S IND 
B (1+3)- COS J«SIND+SINJ* COSD 
RETURN 
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C 

END 

SUBROUTINE  ADDNIN(S, IBLKSZ) 

‘.V; 

DIMENSION  S(2) 

*>v 

C 

THIS  ROUTINE  ADDS  90  DEGREES  TO  THE  ANGLE  IN  THE  COS-SIN 

BLOCK. 

. 

DO  10  1-1 .IBLKSZ, 2 

12— 1+ 1 

T-S(I) 

'■VL 

S(I)-- S(I2) 

ym 

10 

S(I2)-T 

RETURN 

JS- 

END 

C 

t«  ■  • 

SUBROUTINE  COMPNIN(S, IBLKSZ, DELTHA) 

* 

DIMENSION  S(4) 

C 

THIS  ROUTINE  SUBTRACTS  90  FROM  THE  ANGLE  THEN  TRANSFORMS 

THE 

w* 

C 

COS -SIN  TABLE  FROM  THETA  TO  90  MINUS  THETA. 

IBLKSZ2- IBLKSZ /2 

7T 

IEND-IBLKSZ2+1 

/.* 

J2-IBLKSZ 
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DO  10  I-3,IBLKSZ2,2 

I2-I+1 

J-J2-1 

T-S(I) 

sm— s(j) 

S( J)--T 
T-S(I2) 

S(I2)-S(J2) 

S(J2)-T 

J2-J2-2 

S(IEND)— S(IEND) 

FIND  COS-SIN  FOR  THE  FIRST  POINT  (THE  ONE  NOT  IN  OLD  BLOCK). 
COSD-COS(DELTHA) 

SIND-SIN ( DELTHA) 

S(1 )«S(3)*C0SD+S( 4) *SIND 

S(2)-S(4)*C0SD-S(3)*SIND 

RETURN 

END 


P ROGRAM  ERE  COV ( OUTP  UT- 1 04B , TAP  E3 , TAP  E4 , TAPE6-0UTP UT ) 

THIS  PROGRAM  RECOVERS  THE  SPECTRUM  AFTER  THE  EVEN  TRANSFORM 
IT  SHOULD  ONLY  BE  USED  WITH  EVEFFT 

DIMENSION  A(4096),B(4096).S(4096),C(2048),SINE(16) 

DIMENSION  COSINE(  1 6) , IB(4096)  .MASTIXnoO) 

EQUIVALENCE  (S( 2049) , C( 1 ) ) , (B( 1 ) , IB( 1 ) ) 

IBLKSZ-4096 
REWIND  3 

READ( 3 , 500 )  TYPE , TITLE , NUM , IREV , AE , STEP , STARTO 
F0RMAT(A1, A7.2l8.3El8.il) 

NBLK-NUM/ IBLKSZ 
NBLK1-NBLK+1 

IFORM-FLOAT( NBLK )/8 . +0 . 9999 

NBLK3-NBLK+IF0RM+2 

CALL  0PENMS(4,MASTIX. 150,0) 

CALL  READMS( 4 , S , IBLKSZ , NBLK3 ) 

NPASS-L0G2(NBLK*2) 

THETA-3.1  41 59265359 /FLOAT( IBLKSZ) 

CALL  S INGEN (THETA ,NP ASS .SINE. COSINE) 

CALL  R CSPEC( A, B , C, S , NPASS , NBLK , IBLKSZ , SINE , COSINE) 

NORMALIZE  SPECTRUM  AND  WRITE  IT  OUT. 

XMAX--1 .0E30 
DO  20  IBLK-1.NBLK 

CALL  READMS( 4 , A, IBLKSZ, IBLK) 

DO  20  1-1, IBLKSZ 

IF(A(I) .LT.XMAX)  GO  TO  10 
XMAX-A(I) 

CONTINUE 

CONTINUE 

XNORM-1 000. /XMAX 
IF{ IREV.NE.O)  GO  TO  50 
DO  40  IBLK- 1, NBLK 

CALL  READMS(4,A. IBLKSZ, IBLK) 

DO  30  1-1, IBLKSZ 

IB( I) »XNORM*A( I) ♦. 5 
CONTINUE 
IBLK1 -IBLK+1 

WRITE( 3» 590)  (IB(J) ,J-1 .IBLKSZ) 

CONTINUE 
GO  TO  999 

CONTINUE 

DO  70  I  COUNT-1 , NBLK 
IBLK-NBLK-I COUNT+1 


CALL  READMS( 4 , A, XBLKSZ , IBLK) 

IK- IBLKSZ 

DO  60  1-1 , IBLKSZ 

IB ( I ) -XNORM*A( IK)*. 5 
IK- IK-1 


CONTINUE 
WRITE( 3,590) 
CONTINUE 
CONTINUE 
F0RMAT(16I5) 
STOP 
END 


(IB(J),J-1, IBLKSZ) 


SUBROUTINE  RCSPEC( A, B , C , S , NP ASS , NBLK , IBLKSZ , SINE , COSINE ) 
A,B-  WORK  SPACE 

O  SPACE  FOR  EXPANDED  SIN-COS  TABLE 
SINE, COSINE-  ARRAYS  OF  HALF  ANGLE  SINES  AND  COSINES 
USED  IN  THE  ANGLE  ADDITION  EQNS  IN  EXPSCT 
NBLK. IBLKSZ-  NO.  BLOCKS  AND  BLOCK  SIZE 
NPASS-  NUMBER  OF  TIMES  S-C  TABLE  MUST  BE  EXPANDED  BY  2 

DIMENSION  A( 1 ) ,B( 1 ) , C( 1 ) , S( 1 ) ,SINE( 1 ) , COSINE( 1 ) 

NBLK2-NBLK/2 

IBLKS2- IBLKSZ /2 

MK-1 

Tr-Tnr 

CALL  READMS( 4, A, IBLKSZ, 1 ) 

A(  1 )-2*A( 1 ) 

WORK  FROM  BOTH  ENDS 
DO  200  K1-1.NBLK2 
K2-NBLK+1-K 1 

CALL  READMS( 4, B, IBLKSZ, K2) 

DO  170  IP-2, IBLKSZ 

IF ( I C. LT . IBLKS2 )  GO  TO  1  60 

CALL  EXPSCT(S,C,MK,IBLKS2, NPASS, SINE, COSINE) 

IC-1 

CONTINUE 
JP- IBLKSZ -IP+2 
SP-(A( IP)+BC JP) )/2. 

SM-( A( IP)-B( JP) }/(2. *C(IC) ) 

A(IP)«SP+SM 
B(JP)-SP-SM 
I C-IC+2 
CONTINUE 

CALL  WRITMS(4, A, IBLKSZ, K1 ,1) 

IF(K1 .EQ. NBLK2)  GO  TO  180 
IBLK-K1+1 

CALL  READMS(4,A, IBLKSZ, IBLK) 

GO  TO  190 
CONTINUE 
A(  1 )  — B  ( 1 ) 

CONTINUE 


SP-(A(lHB(1))/2. 

SM-(A(1)-B(1))/(2.*C(IC)) 


A( 1 ) -SP+SM 
B( 1 5-SP-SM 
I  C-IC+2 

CALL  WRITMS( 4, B, IBLKSZ, K2,1) 
CONTINUE 
RETURN 
END 


//.'V 


Is  the  program  that  was  used  to  make  the  spectral  line  assignments 

PROGRAM  REGFIT(  INPUT  .OUTPUT,  TAPE5-INPUT.TAPE4 
2,TAPE6-0UTPUT,TAPE2,TAPE7) 

SPECTRAL  LINE  ASSIGNMENT  PROGRAM 
MARK  P.  ESPLIN  FTN4 

COMMON  /PAR/  TYP,LIN,MTAB,NUMT, ID, NBLK.IKIND.JP, JR 
COMMON  /BAND/  G.  B1 , D1 ,  HI ,  B2, D2, H2 
COMMON  /DIRECT  S WAV (30) 

COMMON  /DTATAB/  IBLK. ILINE, DATALf 1 6,300) 

COMMON  /BANDAT/  M( 300)  .WAV (300)  .IUSEnoO)  .NLBAN 

COMMON  /FITD/  X(300) , Y(300) , A(7) ,SIGMAA(7) ,R(7) , JC0N(7) , JFIT( 7) 

2 ,  SCAL(  7 ) 

COMMON  /OUTST/  NWP.NBST. ILIST, RANG.FRAML, FRAMR 
DIMENSION  MASTIX(60) ,BAN(7) ,B0UT(7) , OOMKEYO  3) 

EQUIVALENCE  (BAN(1),G) 

DATA  MTAB , NUMT.ID.NWP , N00M/300 , 4800 , 30,6,13/ 

DATA  NWP, NBST, ILIST. RANG, FRAML, FRA MR/6 ,3,1,. 0025 . .2.-2/ 

DATA  C0MfeY/3HSTP , 3HFIT, 3HBAN, 3HCUS, 3HC0P , 3HCBT, 3HQBC 
2. 3HWBC, 3HNEX, 3HBNT, 3HGRA, 3HNAM, 3HHLP/ 

DATA  SCAL  /I . , 1 . . 1 . E-7 , 1 . E-1 3, 1 • , 1 .E~7 , 1 . E-1 3/ 


un  1A  VAU  /  I  •  •  I  •  •  I  •  U  f  •  I  • 

CALL  OPENMS(4,MASTIX,36,0) 
CALL  READMSt  4.SWAV, ID,  1 ) 


NBLK-SWAV ( 1 ) 

IBLK- 2 
ILINE-1 

CALL  READMS(4,DATAL,NUMT,IBLK) 

WRITE( 6, 110) 

FORMATC*  ENTER  BAND , C  OR  D*,/) 

READ(5,120)  BAND, CORD 
FORMAT*  A1 , A2) 

CALL  FNDBAN( BAND .CORD) 

IF(G.EQ.O)  CALL  CHGBAN 
WRITE( 6, 1  00) 

FORMAT(*  ENTER  IKIND.L, JP,JR»,/) 

READ( 5, *)  IKIND.L, JP, JR 

CALL  SETM(M,IKIND,L. JP, JR. NLBAN) 

CALL  SETWAV(WAV,M, NLBAN, G) 

DO  30  1-1, NLBAN 
IUSE( I)-0 
WRITE( 6, 200) 

FORMAT (/, *  .*) 

READ(5,201 )  CO MD, COMA 
FORMAT(A3,A1) 

COMMAND  PROCESSOR 
DO  50  1-1 , NCOM 

IF ( COMD . EQ . COMKE Y ( I ) )  GO  TO  60 

CONTINUE 

I-NOOM+1 

GO  TO  (21 0, 220, 230,240, 250 * 260, 270, 280, 20, 300, 350,400, 900 
2,1000),  I 
STOP 
CALL  FIT 
GO  TO  40 
CALL  WRTBAN 
GO  TO  40 
CALL  CHGUSE 
GO  TO  40 
CALL  CHOUPR 
GO  TO  40 
GO  TO  10 
CALL  CHGBAN 
GO  TO  40 

CALL  WBANPR(NWP, BAND, CORD) 

GO  TO  40 
CALL  WRTOTL 
GO  TO  40 
CALL  GRLIN4 
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GO  TO  40 

CALL  NAML IN (BAND, COMA) 

GO  TO  40 

WRITE(6.910)  (COMKEY(I) ,1-1  ,NOOM) 

F0RMAT(^0(7X,A3)) 

GO  TO  40 
WRITE(6, 1005) 

FORMAT ( *  ????*) 

GO  TO  40 
END 

SUBROUTINE  CHOUPR 
CHANGE  PROGRAM  PARAMETERS 

COMMON  /OUTST/  NWP.NBST, ILIST, RANG, FRAML, FRAMR 
DIMENSION  IPAR(6).PAR(6) 

EQUIVALENCE^ IPAR( 1 ) , NWP ) 

EQUIVALENCE! IPAR . PAR ) 

WRITE(6, *)  (IPAR* I) , 1-1 ,3) ,(PAR( I) , 1-4, 6) 

WRITE(6, 1 00) 

FORMAT( *  NWP , NBST, ILIST, RANG, FRAML, FRAMR* , / ) 

READ(5,«)  I.CORR 
IF(I.EQ.O)  GO  TO  30 
IF( I.GE.4)  GO  TO  20 
IPAR(I)-OORR 
GO  TO  10 
PAR(I)-00RR 
GO  TO  10 

WRITE( 6, *)  (IPAR(I) ,1-1 ,3) ,(PAR(I) ,1-4,6) 

RETURN 

END 

SUBROUTINE  FIT 

PERFORM  A  TRIAL  LEAST-SQUARES-FIT 
COMMON  /BAND/  BAN(7) 

COMMON  /DTATAB/  IBLK, ILINE. DATAL( 1 6,300) 

COMMON  /FITD/  X(300) , Y(300) , A(7) , Sl6MAA(7) ,R(7) , JC0N(7) , JFIT( 7) 
2 ,  SCAL(  7  ) 

COMMON  /BANDAT/  MX(300) .WAV( 300) , IUSE( 300) ,NLBAN 
DIMENSION  B0UT(7).YFIT(300) 

DATA  IM.MASK/1  5B. 77B/ 

CONSTANT  TERM  NOT  INCULDED  SINCE  IT  IS  ALWAYS  FIT. 

MOLECULAR  CONSTANTS  TO  BE  FIT  MUST  BE  IN  ORDER. 

SIGLAS-0 

WRITE(6,200) 

FORMAT( *  ENTER  M,  NUM*,/) 

READ( 5. *)  M, NUM 
WRITE( 6,21 0) 

FORMAT( *  ENTER  PARS  OF  FIT*,/) 

READ(5, *)  (JFIT(I).I-I .M) 

FIND  WHICH  MOLECULAR  CONSTANTS  AREN'T  TO  BE  FIT 

JJ-1 

J-1 

DO  40  1-2,7 

IF(JFIT(J) .EQ.I)  GO  TO  37 

JCON( JJ)-I 

JJ-JJ+1 

GO  TO  40 

J-J-H 

CONTINUE 

NC0N-6-M 

IF(NUM.EQ.-I)  CALL  CHGBAN 

SET  UP  FOR  FIT 

J-0 

DO  50  I-1.NLBAN 
CALL  F INUSE ( I , IUSF, WN) 

IF(IUSF.EQ.O)  GO  TO  50 
J-J+1 


50 


60 

65 


70 

75 

215 

220 

230 


80 


C 

C 

10 

100 

110 

20 


C 

30 


C 

C 

C 

c 

c 


Y(J)-WN-WAVN(X.J,NCON,JCON) 

CONTINUE 

NPTS-J 

CALL  REGRES(X,Y,SIGMAY,NPTS,M, JFIT,0, YFIT, AO, A 
2, SIGMAA,R,RMUL, CHISQR, FTEST) 

BANm-AO 
DO  60  IF-1 ,M 
I-M-IF+1 
J-JFIT(I) 

BAN( J)-A(I) 

SIGMAAf  J )  -SIGMAA(  I )  /S  CAL(  J ) 

R(J)-R(I) 

DO  65  1-1.7 

BOUT( I)-BAN( I)/SCAL( I) 

IF(NOON.EQ.O)  GO  TO  75 
DO  70  1-1 ,NCON 
J-JOON(I) 

SIGMAA( J)-0. 

R(J)-0. 

SI G-SQRT( CHISQR) 

WRITE(6.21 5)  SIG.RMUL, NPTS 
F0RMATC2F1 2.8, II 0) 

FORMAT (3F1  2.6) 

WRITE(6.220)  BAN( 1 ) , SIGMAO 
FORMAT! 6F1 2.8) 

WRITE(6,230)  (BOUT(I) ,1-2,7) 

WRITE( 6,230)  iSIGMAA( I ) ,1-2,7) 

WRITE( 6.23O)  (R(I) ,1-2,7) 

CALL  SETWAV(WAV,MX,NLBAN,BAN) 

DO  80  1-1 , NLBAN 
IF(IUSE(I) .GT.O)  IUSE(I)-0 
CONTINUE 

IF(SIG.EQ.SIGLAS)  RETURN 
NUM-NUM-1 

IF(NUM.LE.O)  RETURN 

SIGLAS-SIG 

GO  TO  45 

END 

SUBROUTINE  CHGBAN 

CHANGE  MOLECULAR  CONSTANTS  BY  HAND. 

COMMON  /BAND/  BAN( 7) 

COMMON  /FITD/  X{635) ,SCAL(7) 

DIMENSION  B0UT(7) ,JFIT(7) 

DO  10  1-1.7 

BOUT(I)-BAN(I)/SCAL(I) 

WRITE( 6,1 00)  (BOUT( I) , 1-1 ,7) 
F0RMAT(F10.4,/,6F12.8) 

WRITE(6, 110) 

FORMAT( *  CHANGE  BAND  CONSTANTS*,/) 

READ( 5, *)  I, CON 
IF(I.LE.O)  GO  TO  30 
I F ( I . GT . 7  J  GO  TO  30 
BOUT( I) -CON 
BAN( I)-SCAL( I)* CON 
GO  TO  20 

WRITE(6,100)  (BOUT(I) ,1-1 ,7) 

RETURN 

END 


SUBROUTINE  WBANPR(NWP, BAND. CORD) 

THIS  ROUTINE  WRITES  MOLECULAR  CONSTANTS  ABOUT 
COMMON  /BAND/  BAN(7) 


, SIGMAO 


A  BAND. 


C 


COMMON  /FITD/  X(621 ) , JCON(7) , JFIT(7) ,SCAL(7) 

OOMMON  /PAR/  TYP,LIN,MTAB,NUMT, ID, NBLK, IKIND.JP, JR 
DIMENSION  BOUT(7) 

EQUIVALENCE  (BOUT.JOON) 

REWIND  2 

READ(2,900)  UP . TYP , XLOW.TYP , ISOTOP , GV1 ,GV2,STR, ZETA.BKEY 
IF(E0F(2).NE.0j  00  to  26 
READC2.910)  (BOUT( I) ,1-2.7) 

IF(BKEY.NE.BAND)  GO  TO  10 
IF( CORD. NE. TYP)  GO  TO  10 
GO  TO  25 
WRITE (6, 1 00) 

FORMAT ("  ENTER  UP  XLOW  TYP»,/) 

READ(5, 1 10)  UP. XLOW, TYP 
FORMAT C 2 A10, A2) 

WRITE(6,120) 

FORMAT (*  ENTER  GV1 .ISOTOP, STR.ZETA*,/) 

READ(5,»)  GV1 , ISOTOP, STR.ZETA 
DO  30  1-2,7 

BOUT( I ) -BAN( I)/SCAL(  I) 

GV2-GV1 +BAN( 1 ) 

WRITE (NWP, 900)  UP, TYP, XLOW, TYP, ISOTOP, GV1  ,GV2, STR.ZETA, BAND 
2, IKIND.JP, JR 

WRITE(NWP. 910)  (BOUT( I) ,1-2,7) 
FORMAT(2(A10.A2),IM,2F10.4,F1it.5,F6.3,1X,A1 ,315) 

FORMAT? 6F12.fi) 

RETURN 

END 

SUBROUTINE  WRTBAN 

WRITE  A  TABLE  OF  EXPERIMENTAL  LINE  PROPERTIES 
COMMON  /BANDAT/  M(300) .WAV(300) , IUSE(300) , NLBAN 
COMMON  /DATALIN/POS(5O),BANID(50).STR(50),YO(5O),YHIGHT(5O) 
2 ,XL( 50) , XR( 50) , HW( 50) , OFF( 50) , 0MCA(50) , IBES( 20 ) 


2 ,XL( 50) , XR( 50) , HW( 50) , OFF( 50) , OMCAC 50) , IB£S( 20 ) 

COMMON  /DTATAB/  IBLK, ILINE, DATAL(  1 6,300) 

COMMON  /OUTST /  NWP, NBST, ILIST, RANG, FRAML, FRAMR 
DATA  I AST/  H7B/ 

WRITE(6, 1 30) 

FORMAT( *  ENTER  RANGE*./) 

READ(5.1  *10)  BST, JST.BSP , JSP 
FORMAT*  A1 ,13 ,1 X,A1 ,13 ) 

CALL  MFINDfMST, IFST.BST, JST) 

CALL  MFIND(MSTP , IFSP.BSP, JSP) 

IF( ( IFST+IFSP) . NE.O)  GO  TO  5 

SUM-0 

SUMSQ-0 

IU-0 

DO  HO  1-1 .NLBAN 
IUSL-55B 

CALL  FINUSE( I, IUSF, WN) 

IFUIUSF. EQ.O). AND. (ILIST. EQ.O))  GO  TO  40 

I F  ( M  ( I ) .GT.O)  GO  TO  10 

J--M(I) 

TYP-"P" 

GO  TO  20 
J-M(I)-1 
TYP-"R" 

IF(WN.GT.O)  GO  TO  30 
WRITE(NWP.IOO)  WAV( I) ,TYP, J 
GO  TO  40 

F0RMAT(F10.4,1X,A1 ,13,*  NOT  FOUND*) 

OMC-WN-WAV(I) 

IF ( IUSF. EQ.O)  GO  TO  35 

IUSL-IAST 

IU-IU-M 

SUM-SUM+OMC 

SUMSQ-SUMSQ-*-OMC*OMC 

HIGT-AMAX1 (DATAL(7, ILINE) ,DATAL( 1 0, ILINE) )-DATAL(8, ILINE) 


V ■  ■ '  •  ■  •  •  -  - .  ■  .  •  •" 


.*»  .N  .S  ,\  .v  •. .  . 


'VJWAUH'W'U 

■ • 

t. 

& 

t 

k 

f. 

ft 


j1- ^IP.J'  l.  VJ.'J.'V*  ■J|JI|J|I|JI,.I,I  ■_>■»■  I'TM  m  A  r 


I 


V 

S 


A 


| 


St 

„v 

,v 

£ 

£ 


■>: 

£ 

$ 


v, 


IF(M(I) .LT.MST)  GO  TO  40 
IF(M(I)*GT.MSTP)  GO  TO  40 
IF(IUSEU)  .GE.1 )  GO  TO  37 

WRITE(NWP.IIO)  WN.TYP, J, IUSL, DATAL( 2, ILINE) ,OMC, DATAL(5, ILINE) 
2,DATAL(8, ILINE) , HIGT,DATAL( 1 1 , ILINE) ,DATAL(12, ILINE) 

GO  TO  40 

37  II-IBES<IUSE(I)) 

WRITE( NWP, 110)  POS(II) .TYP. J, IAST, BANID(II) ,OMCA( II) ,STR(II) 

2  ,Y0( II) , YHIGHT( II) ,HW(II),OFF(II) 

110  FORMAT( FI  0. 4, IX, A1 , 13 , 1 X , R1  .A10.6F10.4) 

40  CONTINUE 

AV-SUM/IU 

SIG-SQRT((SUMSQ-IU*AV*AV)/(IU-1)) 

WRITE(NWP , 1 20)  IU, AV.SIG 

120  FORMAT(//t*  N-*,I5,*  AV«*,F8.4,»  SIG-*,F8.4,//) 

RETURN 

END 

C 

SUBROUTINE  MFIND(M, IFOUND , BRANCH, J) 

C  THIS  ROUTINE  CALCULATES  AN  M  VALUES  FROM  A  BRANCH  AND  J  NUMBER. 

C  IF  IFOUND  -  1  BRANCH  NAME  NOT  VALID 

DATA  RB, PB/1 HR, 1  HP/ 

IFOUND-O 

IF( BRANCH. NE.PB)  GO  TO  20 
C  P  BRANCH 

M=-J 
RETURN 

20  IF ( BRANCH. NE. RB)  GO  TO  30 

C  R  BRANCH 

M-J+1 
RETURN 

30  IFOUND- 1 

RETURN 
END 
C 

SUBROUTINE  BESTLN( ILIN, NBSTL) 

C  THIS  ROUTINE  FINDS  AND  SORTS  INTO  ORDER  THE  "NBST"  LINES  CLOSEST 

C  TO  THE  CALCULATED  LINE  POSITION  IN  EACH  FRAME. 

COMMON  /BANDAT/  M( 300) ,WAV( 300) , IUSE( 300) .NLBAN 
COMMON  /DATALIN/  P0S(50) ,X<400) .0MC(50) , IBES(20) 

COMMON  /OUTST/  NWP, NBST. I LIST, RANG, FRAML.FRAMR 
CALL  LINFRM4(WAV( ILIN)-FRAML,WAV( ILIN) ♦FRAMR, NLIN) 
NBSTL-MINO(NBST,NLIN) 

IF( NBSTL. EQ.O)  RETURN 
DO  10  1-1 .NLIN 

10  OMC( I)=POS( I )-WAV( ILIN) 

C  THIS  STRANGE  SORTING  ALGORITHM  IS  USED  SINCE  THE  ANTICIPATED 
C  NUMBER  OF  PASSES  IS  VERY  LOW. 

DO  30  IP AS- 1, NBSTL 
OMCB-1  0000. 

DO  20  1-1 , NLIN 

IF(ABS(OMC( I) ) .GE.OMCB)  GO  TO  20 
OMCB«ABS(OMC( I) ) 

IBES( IP AS ) -I 
20  CONTINUE 

C  SO  IT  WON’T  FIND  THE  SAME  ONE  AGAIN 

30  OMC(IBES(IPAS)) -20000. 

C  RESTORE  RIGHT  OMC  VALUE 

DO  40  1-1, NBSTL 

40  OMC( IBES( I) )-POS( IBES( I) )-WAV( ILIN) 

RETURN 

END 

C 

SUBROUTINE  LINFRM4( START, STOP, NLIN) 

C  THIS  ROUTINE  FINDS  ALL  THE  LINES  IN  A  FRAME. 

C  "NLIN"  IS  THE  NUMBER  OF  LINES  FOUND. 

C  BLOCK  "IBLK"  MUST  HAVE  BEEN  READ  IN  PREVIOUSLY. 

COMMON  /DATALIN/  POS ( 50 ) , BANID( 50) , STR( 50 ) , Y0( 50) , YHIGT( 50 ) 
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10 

20 

C 

C 

25 


60 

C 

70 


90 

900 

C 

C 

C 


C 

C 


2.XL(50),XR(50),HW(50)tOFF(50),0MC(50),IBES(20) 
COMMON  /DIREC/  SWAV(30)  ,  , 

COMMON  /DTATAB/  IBLK,ILINE.DATAL(16,300) 

COMMON  /PAR/  TYP.LIN.MTAB.NUMT, ID.NBLK 
DETERMINE  WHICH  BLOCK  "START"  IS  IN 
IBLKL-IBLK 


NLIN-0 

IF(IBLK.GE.NBLK)  GO  TO  20 
IF(SWAV(IBLK+1).GT. START)  GO  TO  20 
IBLK-IBLK+1 
GO  TO  10 

IF(SWAV(IBLK).LE. START)  GO  TO  25 
IBLK-IBLK-1 

IF( IBLK.GE. 2)  GO  TO  20 

NOT  IN  FILE 

RETURN 

FIND  "START"  IN  BLOCK 
IF(IBLK.EQ.IBLKL)  GO  TO  30 
CALL  READMS ( 4 , DATAL , NUMT , IBLK ) 
ILINE-1 

IF ( START. LT. DATAL (6, ILINE) )  ILINE-1 
IF(START.LE.DATAL(9,ILINE))  GO  TO  60 
ILINE-ILINE+1 

IF( ILINE. LE.MTAB)  GO  TO  40 
ILINE-1 

IF(IBLK.EQ.NBLK)  RETURN 
IBLK-IBLK+1 

CALL  READMS( 4.DATAL.NUMT, IBLK) 
IFfSTOP . LT. DATAL( 6 , ILINE) )  RETURN 
IF(DATAL(1 , ILINE). NE.O)  GO  TO  70 
ILINE-1 


RETURN 


LINE  FOUND 


NLIN-NLIN+1 

IF(NLIN.GT.50)  GO  TO  90 
POS( NLIN) -DATAL( 1 . ILINE) 

XL( NLIN) -DATALf  6, ILINE) 

XR(NLIN)-DATAL{9, ILINE) 

HW(NLIN)-DATAL( 11 .ILINE) 

OFF(NLIN)-DATAL(  1  2, ILINE) 

BANID(NLIN)«DATAL(2, ILINE) 

STR(NLIN)-DATAL(5, ILINE) 

Y0(NLIN)-DATAL(8, ILINE) 

YHIGT( NLIN) -AMAX1 (DATAL( 7, ILINE) ,DATAL( 10, ILINE) )-Y0(NLIN) 
ILINE-ILINE-^1 

IF( ILINE. LE.MTAB)  GO  TO  60 
ILINE-1 

IF(IBLK.EQ.NBLK)  RETURN 
IBLK-IBLK+1 

CALL  READMS(4,DATAL,NUMT, IBLK) 

GO  TO  60 
WRITE(6,900) 

FORMAT( *  MORE  THAN  50  LINES  IN  ONE  FRAME*) 

STOP 


END 


SUBROUTINE  FINUSE( ILIN. IUSF, WN) 

THIS  ROUTINE  IS  USED  TO  FIND  THE  LINES  WHICH  ARE 
TO  BE  USED  IN  THE  FIT. 

COMMON /BANDAT/  M(300) ,WAV( 300) , IUSE( 300) .NLBAN 
COMMON  /OUTST/  NWP.NBST. ILIST, RANG, FRAML, FRAMR 
COMMON  /DATALIN/  P0S(50) ,X(450) ,IBES(20) 

IF( IUSE( ILIN) .GT.O)  GO  TO  20 
IUSF-0 

WN-POSL(WAV( ILIN) .0) 

DON'T  USE  NO  MATTER  WHAT 
IF( IUSE( ILIN) . LT. 0)  RETURN 
USE  IF  IN  RANGE 
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C 
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C 


100 

10 

110 

c 


20 

C 

30 


120 

40 


C 

C 

C 


5 

900 

910 


10 

20 

920 


C 

30 


IF( ABS( WN-WAVC ILIN) ) . GT. RANG)  RETURN 

IUSF-1 

RETURN 

USE  ONE  OF  THE  OTHER  CHOICES 
CALL  BESTLN(ILIN) 

WN-POS( IBES( IUSE( ILIN) ) ) 

IUSF-1 

RETURN 

END 

SUBROUTINE  CHGUSE 

THIS  ROUTINE  ALLOWS  THE  OPERATOR  TO  CHANGE  WHICH  LINES  WILL 
BE  USED  IN  THE  FIT. 

COMMON  /BANDAT/  M(300) ,WAV(300) ,IUSE(300) ,NLBAN 
DATA  IR, IP/22B,20B/ 

WRITE( 6. 1 00) 

FORMATC*  CHANGE  USAGE*,/) 

READ(5, 1 10)  ITYP, J, IWHT 
FORMATC R1 ,13,12) 

IF( ITYP.NE. IP)  GO  TO  20 
P  BRANCH 
MR— J 
GO  TO  30 

IF( ITYP.NE. IR)  RETURN 

R  BRANCH 

MR-J+1 

II-IBINSC(M,NLBAN,MR) 

IF(II.NE.O)  GO  TO  40 
WRITE( 6, 120)  MR 

FORMAT( *  M-*, 16, *  NOT  FOUND*,/) 

GO  TO  10 
IUSE(II)-IWHT 
GO  TO  10 
END 


SUBROUTINE  WRTOTL 

THIS  ROUTINE  WRITES  INFORMATION  FOR  THE  "NBSTL"  aOSEST  LINES  TO 
EACH  CALCULATED  LINE  POSITION. 

COMMON  /OUTST/  NWP.NBST, IL 1ST. RANG. FRAML, FRAMR 
COMMON  /BANDAT/  M(300) ,WAV(300) , IUSEC300) , NLBAN 
COMMON  /DATALIN/  POSC 50) .BANIDC50) ,STR( 50) . Y0( 50) , YHIGT( 50) 
2,XL(50),XR(50).HW(50),0FF(50),0MC(50),IBES(20) 

DATA  ASTR, BLANK  /1H*,1H  / 

WRITE( 6, 900) 

FORMATC*  ENTER  RANGE*./) 

READ( 5. 91 0)  BST, JST.BSP, JSP 
FORMATC A1 . 13. 1X.A1 , 13) 

CALL  MFIND(MST, IFST, BST, JST) 

CALL  MFINDCMSTP , IFSP , BSP .JSP) 

I F ( ( IFST+IFSP) .NE.O)  GO  TO  5 
1ST- IBINSCCM, NLBAN, MST) 

ISP-IBINSCCM, NLBAN, MSTP) 

IF( C 1ST. EQ.O) .OR. ( ISP . EQ.O) )  GO  TO  5 
DO  70  I-IST.ISP 
IF(MCI).GT.O)  GO  TO  10 
J— M(I) 

TYP-”P n 
GO  TO  20 
J-M(I)-1 
TYP-"R" 

WRITE(NWP,920)  TYP.J 
FORMATC IX. A1, 13) 

CALL  BESTLNC I .NBSTL) 

IFCNBSTL.EQ.O)  GO  TO  70 
IPICK-0 

IFCIUSE(D)  50,30,40 

IUSE(I)-0  USE  FIRST  CHOICE  IF  IN  RANGE 


IF ( ABS(OMC( IBESC 1 ) ) ) .LE, RANG)  IPICK-1 


GO  TO  50 

IUSE(I)-  1,2,...  SET  "IPICK"  TO  THAT  ONE 
IPICK-IUSE(I) 

DO  60  IP-1.NBSTL 
PICK-BLANK 

IF( IP. EQ. IPICK)  PICK-ASTR 

WRITE ( NWP ,930)  PICK, POS( IBES( IP) ) ,BANID( IBES( IP) ) ,OMC( IBES( IP) ) 
2,STR( IBESC IP) ) , Y0( IBES( IP) ) , YHIGT( IBES( IP) ) ,HW( IBES( IP) ) 
3,0FF(IBES(IP)) 

F0RMAT(5X,A1 , 1X,F1 0.4.A1 0.6F1 0.4) 

CONTINUE 

RETURN 

END 


SUBROUTINE  GRLIN4 

THIS  ROUTINE  MAKES  AN  EXTENDED  INFORMATION  LOOMIS-WOOD  DIAGRAM. 
OOMMON  /OUTST /  NWP, NBST, ILIST, RANG, FRAML.FRAMR 
COMMON  /BANDAT/  M(300) , WAV( 300) , IUSE( 300) .NLBAN 
OOMMON  /DATALIN/  POS( 50) . BANID( 50) ,STR( 50) , Y0( 50) , YHIGT( 50) 
2,XL(50) .XR(50),HW(50),OFF(50),OMC(50) ,IBES(20) 

DIMENSION  GRA(IOO) 

DATA  BLANK, IBLAN. ASTR, XMERG, L/55B, 55B , 47B , 1 5B, 1 00/ 

SCAL»(L-1 )/(FRAMR+FRAML) 

WRITE( 6,900) 

FORMAT(*  ENTER  RANGE*,/) 

READ(5,91 0)  BST , JST , BSP , JSP 
FORMAT(A1,I3,1X,A1,I3) 

CALL  MFIND(MST, IFST, BST, JST) 

CALL  MFIND(MSTP, IFSP.BSP, JSP) 

IF( ( IFST+IFSP) .NE.O)  RETURN 
1ST- IBINSC(M, NLBAN, MST) 

ISP- IB INS C(M. NLBAN. MS TP) 

IF( ( IST.EQ. 0; . OR. ( ISP. EQ. 0) )  GO  TO  5 

DO  100  ILIN-IST, ISP 

J-1 

IF(M(ILIN) .GT.O)  GO  TO  10 
LIN--M(ILIN) 

TYP-"P" 

GO  TO  20 

LIN-M(ILIN)-1 

TYP-"R" 

START-WAV(ILIN)-FRAML 

aLL  LINFRM14(START,WAV(ILIN)*FRAMR,NLIN) 

IF(NLIN.LE.O)  GO  TO  80 
DECIDE  WHICH  SYMBOL  TO  USE 
DO  HO  IL-1 , NLIN 
ITMP-AND(77B, BANID( IL) ) 

IF(ITMP.NE. IBLAN)  GO  TO  30 
LINE  NOT  IDENTIFIED 
BANID( IL) -ASTR 
GO  TO  no 

ITST«AND(77B,SHIFT( BANID(IL) ,-6)) 

IF(ITST.NE. IBLAN)  BANID( IL)- XMERG 

CONTINUE 

SET  "GRA"  ARRAY 

DO  70  IL-1, NLIN 

TP OS- P OS ( IL) 

SL-TPOS-HW(IL) 

IF(SL.LT.XL(IL))  SL-XL(IL) 

ISL-(SL-START) *SCAL+1 .5 
STL-TPOS+HW( IL) 

IF(STL.GT.XR(IL) )  STL-XR(IL) 

ISTL-(STL-START)*SCALt-1 .5 
BLANK  BEFORE 
IFdSL.LE.J)  GO  TO  60 
GRA( JJ-BLANK 
J-J>1 
GO  TO  50 


k- 
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IF(ISTL.LT.J)  GO  TO  70 
IF(J.GT.L)  GO  TO  90 
GRA(J)-BANID(IL) 

J-J+1 
GO  TO  60 
CONTINUE 

IF(J.GT.L)  GO  TO  90 
GRA(J) -BLANK 
J-J+1 
GO  TO  30 

WRITE(NWP,920)  WAV(ILIN) ,TYP,LIN, (GRA(I) ,1-1  ,L) 

FORMAT ( FI  0. 4 ,  1 X,  A1 , 13 , 1 00R1  ) 

CONTINUE 

RETURN 

END 

FUNCTION  WAVNUM(M) 

CALCULATE  A  LINE  POSITION  GIVEN  THE  MOLECULAR  CONSTANTS. 

COMMON  /BAND/  G,B1 ,D1 ,H1 , B2,D2,H2 

MP-M*(M+1) 

MM-M*(M-1  ) 

WAV  NUM- G+  MP  * ( B1 -MP*( D1 -MP*H1 ) ) -MM* ( B2-MM* ( D2-MM*H2 ) ) 

RETURN 

END 

FUNCTION  POSL(WN.IW) 

THIS  ROUTINE  FINDS  LINE  "WN"  ON  RANDOM  ACCESS  DISK  FILE  TAPE4 
IF  IW  -  1  IT  WILL  WRITE  OLD  BLOCK  OF  DATA  BACK  OUT  BEFORE 
IT  READS  A  NEW  ONE. 

IF  "POSL"  -0  LINE  WAS  NOT  FOUND 

NOTE  THIS  FUNCTION  ALSO  SETS  "ILINE"  AND  "IBLK" 

COMMON/DIREC/  SWAV(30) 

COMMON  /DTATAB/  IBLK, ILINE, DATAL( 1 6, 300) 

COMMON  /PAR/  TYP,LIN,MTAB,NUMT. ID.NBLK 
DETERMINE  WHICH  BLOCK  "WNft  IS  IN 
IBLKL-IBLK 

IF(IBLK.GE.NBLK)  GO  TO  20 
IF(SWAV( IBLK+1 ) .GT.WN)  GO  TO  20 
IBLK-IBLK+1 
GO  TO  10 

IF(SWAV( IBLK) .LE.WN)  GO  TO  25 
IBLK-IBLK-1 

IF( IBLK.GE.2)  GO  TO  20 

IBLK-IBLKL 

GO  TO  50 

FIND  WHICH  POINT 

IF( IBLK. EQ. IBLKL)  GO  TO  27 

IF(IW.EQ.I)  CALL  WRITMSC 4 . DATAL, NUMT, IBLKL, 1 ) 

CALL  READMS(4,DATAL, NUMT,  IBLK) 

ILINE- 1 

IF(WN.LT.DATAL(6, ILINE))  ILINE-1 
IF(WN.LE.DATAL(9, ILINE))  GO  TO  40 
ILINE- ILINE+1 

IF( ILINE. LE.MTAB)  GO  TO  30 

ILINE-1 

GO  TO  50 

IF(WN.GE.DATAL( 6, ILINE) )  GO  TO  60 

LINE  NOT  FOUND 

POSL-O 

RETURN 

LINE  FOUND 

POSL-DATALO .ILINE) 

RETURN 

END 

FUNCTION  FCTN(X,I. J.JVAR) 

DIMENSION  X( 1 ) , JVAR( 1 ) 

THIS  FUNCTION  DETERMINES  COEFFICIENTS  OF  FITTING  PARAMETERS. 


THIS  ISN’T  A  VERY  EFFICIENT  WAY  TO  DO  THINGS  SINCE  X*(X+1) 

AND  X*(X-1)  ARE  CAL CULT ED  EACH  TIME,  BUT  IT  FITS  IN  WITH 
REGRES  EASIER. 

ORDER  OF  TERMS  1  G,  2  BU,  3  DU,  4  HU,  5BL,  6  DL,  7  HU 
GO  TO  (1.2, 3, 4.5,6, 7).  JVAR(J) 

NOTE,  REGRES  NEVER  USES  CONSTANT  TERM. 

FCTN-1 

RETURN 

FCTN-X(I)*(X(I)+1  ) 

RETURN 

FCTN— (X(I)*(X(I)  +  1  ))**2 
RETURN 

FCTN-(X(I)*(X(I)+1  ) )**3 
RETURN 

FCTN--X(I)*(X(I)-1 ) 

RETURN 

FCTN-(X(I)*(X(I)-1 ))*«2 
RETURN 

FCTN--(X(I)*(X(I)-1))*»3 

RETURN 

END 

FUNCTION  WAVN(X,I.M, JCON) 

COMMON  /BAND/  BAN* 7 5 
DIMENSION  J CON( 1 ) , X( 1 ) 

THIS  ROUTINE  CALCULATES  THE  WAVENUMBER  POSITIONS  OF  A  SPECTRAL 
LINE  WITH  THE  CONSTANTS  GIVEN  BY  ARRAY  "JCON." 

THERE  ARE  "M"  CONSTANTS 
TERM-0 

IF(M.EQ.O)  GO  TO  20 
DO  10  J-1 ,M 

TERM-FCTN( X , I , J , JCON) *BAN( JCON(  J) ) +TERM 

WAVN-TERM 

RETURN 

END 

SUBROUTINE  SETM(M, IKIND, L, JP , JR, N) 

THIS  ROUTINE  SETS  ALL  THE  M  VALUES  IN  A  BAND. 

M— J  FOR  THE  P  BRANCH,  AND  M-J  +  1  FOR  THE  R  BRANCH. 

I  KIND- 1  EVEN  LINES  ONLY,  IKIND-2  ODD  ONLY,  IKIND-3  ALL  LINES. 
THE  TOTAL  NUMBER  OF  LINES  IS  RETURNED  IN  N. 

DIMENSION  M(  1  ) 

NL--L 

MAX-JR+1 

I F ( IKIND-2)  10,20,30 

MSTEP-2 

MIN--(JP/2)*2 

MR-((L+1 )/2) *2+1 

GO  TO  40 

MSTEP-2 

MIN— ( (JP-1  )/2)*2-1 
MR-CL/2) *2  +  2 
GO  TO  40 
MSTEP-1 
MIN--JP 
MR-L+1 
MT-MIN 
1-0 

P  BRANCH 

I-I  +  1 

M(I)-MT 

MT-MT+MSTEP 

IF(MT.LT.NL)  GO  TO  50 

R  BRANCH 

MT-MR 

I- 1  +  1 

M(  I ) -MT 

MT-MT+MSTEP 
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IF(MT.LE.MAX)  GO  TO  60 
N-I 

RETURN 

END 

SUBROUTINE  SETWAV ( WAV ,  M ,  N , BAND ) 

THIS  ROUTINE  SETS  THE  WAVENUMBER  POSITIONS  IN  "WAV"  USING 
M  VALUES  IN  "M". 

bandM-g.  BAND(2)-BU.  BAND(3)-DU.  BAND(H)-HU 
BAND(5)-BL,  BAND(o)-DL.  BAND(7)-HL. 

DIMENSION  WAV(1),M(1),BAND(7) 

DO  10  1-1, N 
MP-M(I)*(M(I)+1) 

MM-M(I)»(M(I)-1) 

WAV ( I ) -B AND?  1 ) +MP » <  BAND ( 2 ) -MP *  ( B AND ( R  ) -MP »BAND ( 11 ) ) ) 

2 -MM* ( B AND ( 5 ) "MM* ( BAND( 6 ) -MM*BAND (7) )T 
RETURN 
END 

SUBROUTINE  FNDBAN{ BAND, CORD) 

THIS  ROUTINE  FINDS  A  BAND  ON  TAPE2  AND  LOADS  THE  MOLECULAR 
CONSTANTS. 

COMMON  /BAND/  BAN(7) 

COMMON  /FITD/  X(635) ,SCAL(7) 

REWIND  2 

READ(2,900)  UP . TYP , XLOW . TYP , RSOTOP , GV1 , GV2 , BKE Y 
IF(E0F(2).NE.0)  GO  TO  30 
FORMAT(2(A10.A2),A11,2F10.1l,21X,A1  ) 

READ(2,9l 0)  (BAN( I) , 1-2,7) 

FORMAT( 6F12.fi) 

IF(BKEY.NE.BAND)  GO  TO  1 0 

IF( CORD. NE. TYP)  GO  TO  10 

BAN(1)-GV2-GV1 

DO  20  1-3,7 

BAN( I) -BAN( I) *SCAL( I) 

RETURN 
WRITE( 6, 1 00) 

FORMAT (*  NOT  FOUND*) 

DO  110  1-1,7 
BAN( I) -0 
RETURN 
END 

SUBROUTINE  NAMLIN( BAND, COMA) 

THIS  ROUTINE  ASSIGNS  AN  IDENTIFIER  CODE  TO  THE  LINES  IN 
A  BAND,  OR  IF  COMA  -  U  IT  UNASSIGNS  THE  LINES. 

COMMON  /DTATAB/  IBLK. ILINE . DATAL( 1 6, 300) 

COMMON  /BANDAT/  M( 300) ,WAV(300) , IUSE( 300) ,NLBAN 

COMMON  /OUTST/  NWP.NBST 

COMMON  /PAR/  TYP.LIN,MTAB,NUMT, ID.NBLK 

DATA  BLANK  /55000000000000000000B/ 

IBNR-AND(77B, SHIFT ( BAND, 6) ) 

IF( COMA.NE. 1  HU)  GO  TO  30 
UNNAME  "BAND" 

DO  20  IL-1.NLBAN 
WN-POSL(WAV(IL) .1  ) 

IF(WN.EQ.O)  GO  TO  20 
XNAM-DATAL( 2, ILINE) 

DO  10  1-1.10 
ITEMP-AND(77B.XNAM) 

IF( ITEMP.NE.IBNR)  GO  TO  1  0 
DELET  FROM  DATAL( 2 . ILINE) 

XLEF-AND(DATAL(2, ILINE) ,MASK(  60-1*6)) 

XLEF-OR( AND (SHIFT (XLEF. -6) , C0MPL(MASK(6) ) ) .BLANK) 
XRGH-AND(DATAL(2, ILINE; , COMP L( MASK ( 60- ( 1-1 5*6) ) ) 

DATAL( 2, ILINE)-OR( XLEF, XRGH) 


CONTINUE 


GO  TO  80 
NAME 

DO  70  IL-1.NLBAN 
WN-P0SL(WAV(IL),1) 

IF(WN.EQ.O)  GO  TO  40 

DATAL(2.ILINE)-OR(AND(SHIFT(DATAL(2,ILINE),6),MASK(60-6)),IBNR) 
GO  TO  70 

LIST  OUT  UNFOUND  LINES 
DECIDE  P  OR  R  BRANCH 
IF(M(IL) .GT.O)  GO  TO  50 
J— M(IL) 

TYP-"P" 

GO  TO  60 

J-M(IL)-1 

TYP-"R" 

WRITE(NWP.900)  WAV(IL) .TYP.J 
FORMAT(F10.4,1XfA1,I3,*  NOT  FOUND*) 

CONTINUE 

CALL  WRITMS(4,DATAL, NUMT, IBLK, 1 ) 

RETURN 

END 

SUBROUTINE  REGRES(X.Y,SIGMAY,NPTS,NTERMS,M,MODE, YFIT, 

♦  AO , A , SIGMAO , SIGMA A . ft , RMUL , CHISQR , FTEST) 

THIS  SUBROUTINE  IS  FROM  BEVINGTON. 

( see  reference  46) 


FUNCTION  IBINSC(IA,N,ITAR) 

THIS  ROUTINE  DOES  A  BINARY  TREE  SEARCH. 

THE  NUMBER  OF  COMPARISONS  NEEDED  IS  L0G2(N)  PLUS  A  COUPLE 
FOR  ROUND  OFF. 

THE  ARRAY  TO  BE  SEARCHED  IS  "IA".  THE  TARGET  OF  THE  SEARCH 
IS  "ITAR", 

THE  POSITION  OF  THE  TARGET  IS  RETURNED  AS  THE  FUNCTION  VALUES. 
"IB I NSC"  -  0  MEANS  NOT  FOUND. 

DIMENSION  IA( 1 ) 

DATA  MAXZER/5/ 

NZ-0 

STEP-N/2.0 
RJ-STEP 
SET  NEXT  STEP 
STEP-STEP /2 

IF(STEP.GT. 1 , )  GO  TO  20 
STEP-1. 

NZ-NZ+1 

IF(NZ.LE.MAXZER)  GO  TO  20 

NOT  FOUND 

IBINSC-0 

RETURN 

J-RJ+.5 

IF(ITAR-IA(J))  30,50,40 

RJ- RJ-STEP 

GO  TO  10 

RJ-RJ+STEP 

GO  TO  10 

IBINSC-J 

RETURN 

END 


